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PHOTOGRAPHIC SCIENCE AND ENGINEERING 
Volume 4, Number 1, January-February 1960 


Studies on the Sensitization of Photographic Emulsions 
to X-Rays by Thallous Salts 


Yasuo WAKABAYASHI, Chemical Research Laboratory, 
Konishiroku Photo Ind. Co., Ltd., Tokyo, Japan 


It has already been reported that divalent lead ion coprecipitated with silver bromide in- 


creases the x-ray sensitivity of a photographic emulsion and decreases the degree of solariza- 
tion. It was found that there is a close correlation between solarization by light and sensitiza- 
tion to x-rays. It was hypothesized that if the heightened x-ray sensitivity were a consequence 
of keeping positive holes from recombining with electrons, solarization would be decreased. 
With this in mind, the present author has studied the sensitization of silver bromide emulsions to 
x-rays by other metal salts such as thallous nitrate and thallous bromide, and the solarization 
of the emulsions thus sensitized. The thallium salts sensitized the emulsions to x-ray exposure 


In 1953, it was reported by Larson, Mueller, and 
Hoerlin! that divalent lead ion coprecipitated with 
silver bromide crystals of a photographic emulsion 
had a unique effect: it increased the sensitivity of 
the emulsion to x-rays but decreased the sensitivity 
to light. They postulated that the effect of lead ion 
in increasing x-ray sensitivity was due to the increase 
in the number of silver ion vacancies in the crystal 
lattice, the vacancies acting as traps for positive 
holes, and perhaps concurrently to the increased 
silver ion mobility accompanying the increase in 
silver ion vacancies. 

The author found in further investigations of lead 
sensitization? that coprecipitation of lead ion with 
silver bromide decreased the electrolytic conductivity 
in the specific lead ion concentration range at which 
the x-ray sensitivity was increased; that, by lead 
sensitization, the reciprocity law failure curve was 
shifted to lower intensity; that the ratio of the sur- 
face to internal sensitivity was increased; that the 
lead-sensitized emulsion showed little solarization; 
and that there was a close correlation between sen- 
sitization to x-rays and solarization. 

It was therefore postulated that sensitization by 
lead was due to the increase in the number of silver 
ion vacancies, which would possibly act as traps for 
positive holes and keep the holes from recombining 
with electrons, and was not due to a more rapid 
neutralization of electrons at the surface traps, since 
the electrolytic conductivity was decreased. It was 


Presented at the National Conference, Chicago, 29 October 1959. 
Received 7 August 1959. 


1. E.T. Larson, F. W. H. Mueller, and H. Hoerlin, J. Phys. Chem., 57: 
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4. Y. Wakabayashi, ibid., 137. 


but not to light, and decreased or eliminated solarization by light. 


suggested that the silver ion vacancies generated by 
addition of lead would possibly act as traps for posi- 
tive holes which would otherwise be trapped by the 
surface latent-image silver of the crystal and make 
the crystal undevelopable; thus the degree of solari- 
zation in the lead-sensitized emulsion would be de- 
creased. Hence, both the increase in x-ray sensi- 
tivity and the decrease in solarization would be the 
result of the trapping of the positive holes. 

From this point of view, further studies were made 
on the sensitization of emulsions to x-rays by other 
metal salts such as thallous nitrate and thallous 
bromide, and on the solarization of the emulsions 
treated with these thallium salts. 


Experimental Procedure 


In order to simplify the system under investiga- 
tion, a simple, boiled type of silver bromide emulsion 
was used. After precipitation in an excess of po- 
tassium bromide, the emulsion was washed, ripened, 
and coated on film base without the addition of any 
chemical stabilizer or hardener. 

Exposures to x-rays were made at 63 kvp on a time 
scale. Exposures to light were made through an 
optical wedge; the illumination was 3.2 m-c and the 
exposure time ,; sec in the case of normal exposure, 
and about 1000 m-c and 100 sec in the investigation 
of solarization. After exposure, the films were de- 
veloped for 4.5 min at 20° C in SDX-1 developer, the 
specified x-ray developer of the Konishiroku Photo 
Ind. Co., followed by a short stop bath, fixation, 
washing, and drying in the usual manner. 

In addition to the simple silver bromide control, 
three types of film were used: 

In the first type, the film was coated with emul- 
sions prepared by coprecipitation with a silver ni- 
trate solution containing additions of thallous ni- 
trate. 
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Fig. 1. Characteristic curves 
of nonsensitized and thallium- 


. [ sensitized (by coprecipita- 
tion) emulsions exposed to 63 
kvp x-ray. 
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In the second type, the film was coated with silver 
bromide emulsions to which additions of thallous 
nitrate in the concentration range 0.05 to 2 mole % 
or additions of 0.1 and 1.0 mole % thallous bromide 
or thallous bromide emulsion were made immediately 
before coating or at the beginning of the second ripen- 
ing. (Mole percentages are based on silver nitrate.) 
The thallous bromide emulsion was prepared by 
adding in the dark, with vigorous agitation, a solu- 
tion of 15.6 grams TINO; in 150 cc water to a solution 
of 10 grams gelatin and 7 grams KBr in 100 cc water. 

In the third type, films coated with the simple sil- 
ver bromide emulsion were immersed in solutions of 
0.01 or 0.05% thallous nitrate, or of 0.01 or 0.05% 
thallous heemnidle, then given a short wash and dried 
before exposure. As the solubility of thallous bro- 
mide is low, undissolved solid existed in the bath in 
which the films were immersed. 


Experimental Results 


Figure 1 shows the characteristic curves for ex- 
posure to x-rays of the thallium-sensitized emulsion 
(sensitized by means of coprecipitation) and the 
nonsensitized emulsion. Figure 2 shows the char- 
acteristic curves for exposure of the above-mentioned 
emulsions to light in the solarizatior region. Al- 
though the thallium-sensitized emulsion shows in- 
creased x-ray sensitivity, it shows decreased 
threshold sensitivity to light. 

It is apparent from Fig. 2 that the thallium-sensi- 
tized emulsion shows no solarization. This is the 
result to be expected on the basis of Mueller’s 
speculations on the sensitizing mechanism’; the 
univalent thallous ions that are coprecipitated with 
silver bromide act as traps for positive holes. 


5. F. W.H. Mueller, Proc. Roy. Phot. Soc. Centenary Conference, Lon- 
don, 1953, publ. by Roy. Phot. Soc., 1955, p. 13. 


Fig. 2. Characteristic curves 
of nonsensitized and thallium- 
sensitized (by coprecipita- = 
tion) emulsions exposed to 2.0 1.0 ° 1.0 
light in the reversal region. RELATIVE LOG EXPOSURE 
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Since univalent thallous ion is oxidized by bromine 
or chlorine, it may be expected to be a halogen ac- 
ceptor even if it is in the gelatin in which the silver 
bromide crystals are suspended; consequently it 
should decrease the degree of solarization and in- 
crease the x-ray sensitivity by capturing the positive 
holes (or bromine atoms) at the crystal surface. 

To test this conclusion, thallous nitrate or thallous 
bromide was added to the emulsion at the beginning 
of ripening or after the second ripening; or films were 
immersed in the solution of thallous nitrate or 
thallous bromide before exposure. 

Figure 3 shows the sensitivity to light of the emul- 
sions with the addition of various amounts of thallous 
nitrate at the beginning of second ripening. Figure 
4 shows the sensitivity to x-rays of these emulsions. 

Table I shows the x-ray sensitivity of: (1) the 
films which were immersed in the thallous nitrate 
solution before exposure; and (2) the emulsions to 
which thallous nitrate was added immediately before 
coating. 


TABLE | 
Relative Speeds to X-Rays of the Control Film and Four 
Test Films Treated with or Containing Additions of 
Thallous Nitrate 


Relative Speed 


to X- ‘Rays 
Control 1.00 
Film immersed exposure in 
of: 
0.05% TINO; ..... 2.00 
Film coated with emulsion o ren was 
added, immediately before — 
1mole % TINO; .. . at 1.57 
1.58 
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Fig. 3. Change of light sensitivity (at D = 
0.1) with time of ripening of the emulsions to 
which were added various amount of thallous 
nitrate at the beginning of second ripening. 
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Fig. 4. Change of sensitivity to 63 kvp 
x-ray (at D = 1.0) with time of ripening of 
the emulsions to which were added various 
amounts of thallous nitrate at the beginning 
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Fig. 5. Change of sensitivity to 63 kvp 
x-ray (at D = 1.0) with time of ripening of 
the emulsions to which were added various 


Curve A—control; Curve B—0.05 mole % 
TINO; added; Curve C—0.1 mole % TINO; 
added; Curve D—0.5 mole % TINO; added; 
Curve E—1.0 mole % TINO; added. 


The sensitivity to x-rays is increased either by 
adding thallous nitrate in the preparation of the 
emulsion or by immersing the film in the thallous 
nitrate solution. The sensitivity to x-rays of the 
thallium-containing film is decreased by ripening 
(see Fig. 4). These sensitized emulsions showed no 
solarization at the exposure range used in this exper- 
iment. 

The simple silver bromide emulsion sensitized to 
x-rays by coprecipitation of divalent lead ions with 
silver bromide (lead-sensitized emulsion) can be 
further sensitized to x-rays by adding thallous ni- 
trate to it before coating or by immersing the coated 
film in thallous nitrate solution before exposure. 
The silver bromide emulsion sensitized by coprecipi- 
tation of thallous ion with the silver bromide, how- 
ever, is not further sensitized to x-rays by these pro- 
cedures. 

Figure 5 shows the x-ray sensitivity of the emul- 
sions to which were added thallous bromide or thal- 
lous bromide emulsion at the beginning of the second 
ripening. Table I] shows the x-ray sensitivity of the 
emulsions to which the same materials were added 
immediately before coating. These sensitized emul- 
sions showed little solarization. 


TABLE Il 


Relative Speeds to X-Rays of the Control Film and 
Three Test Films Containing Thallous Bromide 


Relative Speed 
to X-Rays 

Film coated with emulsion to which was 

added, immediately before coating: 

1 mole % TIBr 2 
0.1 mole % TiBremulsion ....... 1.44 

1 mole % T1Br emulsion . 1 


As may he seen in Fig. 5, the emulsion sensitized by 
1.0 mole % thallous bromide emulsion shows a 
marked decrease in sensitivity with increase in the 


of second ripening. 
spond to Curves A-E in Fig. 3. 


Curves A-E corre- 


amounts of thallous bromide and thallous 
bromide emulsion at the beginning of second 
ripening. Curve A—control; Curve B—0.1 
mole % TIBr added; Curve C—1.0 mole % 
TIBr added; Curve D—O.1 mole % TiBr 
emulsion added; Curve E—1.0 mole % TIBr 
emulsion added. 


time of second ripening, owing to a marked increase 
in fog. These results are very similar to those pro- 
duced by thallous nitrate. The films which were 
immersed in the thallous bromide solution before 
exposure also showed an increase in x-ray sensitivity. 


Conclusions 


The simple, boiled type of silver bromide photo- 
graphic emulsions can be sensitized not only by co- 
precipitation of silver bromide with univalent 
thallous ions but also by adding either thallous ni- 
trate, thallous bromide, or thallous bromide emulsion 
to the silver bromide emulsion before coating, or by 
immersing the films in a solution of thallous nitrate 
or thallous bromide before exposure. 

All of these sensitized emulsions show no increase 
in threshold sensitivity to light and no or little 
solarization by light in the exposure range used in 
these experiments. 


Discussion 


In the case of x-ray exposure, a large number of 
electron-hole pairs is produced in a very short inter- 
val of time in the silver bromide crystal. Under 
such conditions, utilization of the available electrons 
is probably inefficient because of the recombination 
of electrons with positive holes and trapping of elec- 
trons at internal sites. 

Therefore, to increase x-ray sensitivity, it is neces- 
sary to satisfy one or more of the following con- 
ditions: (1) increase the rate of neutralization of 
electrons by silver ions; (2) form the latent image 
with fewer electrons; and (3) lessen the probability 
of the recombination of positive holes with electrons. 

It is speculated that thallium sensitization by 
means of coprecipitation of thallous ions with silver 
bromide is due to the last cause, because if thallium 
sensitization were to satisfy conditions 1 or 2, light 
sensitivity would be increased and the reciprocity 
failure curve would be shifted to the higher in- 
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1.5 Fig. 6. Characteristic curves for 63 2.0 
kvp x-ray exposure of: (1) film not 

subjected to treatment; 
immersed in 0.05% TINO; solution 
before exposure; (3) Film 1 im- | 
mersed in acid dichromate solution 
before exposure; and (4) Film 2 
immersed in acid dichromate solu- 
tion after treatment with 0.05% 
TINO; solution but before exposure. 
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tensity region, but such results are not obtained; 
moreover preliminary measurements of electrolytic 
conductivity of fused crystals prepared by melting 
silver bromide precipitates that had been copre- 
cipitated with thallous ion showed no increase in 
conductivity. (The author has not published these 
results yet.) 

It is therefore postulated that univalent thallous 
ions that are coprecipitated with silver bromide act 
as traps for positive holes as was postulated by 
Mueller.’ The reason for the disappearance of the 
solarization phenomenon is that these univalent thal- 
lous ions also act as traps for positive holes (or 
bromine atoms) which would otherwise be trapped 
by surface latent-image silver of the crystal and 
make the crystal undevelopable. In such a case, 
there should be a close correlation between sensitiza- 
tion to x-rays and solarization. 

Univalent thallous ions, as was expected, are 
effective in decreasing the degree of solarization and 
in increasing the x-ray sensitivity, even when the 
thallous ions are in the gelatin. 

It is therefore postulated that thallous ions existing 
in gelatin are also effective in capturing positive 
holes (or bromine atoms) at the crystal surface. 
Consequently, they decrease the degree of solariza- 
tion and increase the x-ray sensitivity by keeping 
positive holes from recombination with electrons or 
from attacking the surface latent-image silver. 

The following experimental results support these 
postulations. 

As may be seen in Fig. 6, the simple silver bromide 
emulsion (Curve 1) is desensitized a little (Curve 3) 
by treatment with acid dichromate solution before 
exposure, but the emulsion sensitized to x-ray by im- 
mersing it in 0.05% thallous nitrate solution (Curve 


2) is remarkably desensitized (Curve 4) by acid 
dichromate solution and reduced to the same sen- 
sitivity level as Curve 3. Moreover, though the 
solarization disappears upon treatment with thallous 
nitrate solution, it appears again upon treatment 
with acid dichromate solution (Fig. 7). 

It is supposed that univalent thallous ions are oxi- 
dized and become ineffective for capturing positive 
holes (or bromine atoms). 

The treatment with acid dichromate solution is as 
follows: 


Stock Solution*® 
Potassium dichromate... .. . .20 grams 
Sulfuric acid (conc.)........ . 2cc 
Sodium sulfate (anhydrous)... . 4 grams 
10 grams 


Twenty cc of this stock solution are diluted to 1 liter 
just before use. ‘Test pieces are immersed in water 
for 2 min and then in this acid dichromate solution at 
20°C for 3 min, followed by 5 min washing and dry- 
ing. 
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Enhancement of Photographic Speed and 
Sensitivity by Electric Fields 


JEROME ROTHSTEIN, Edgerton, Germeshausen and Grier, Inc., Boston, Mass. 


Experiments were performed to test the hypothesis (suggested by theory) that strong electric 
fields applied to an emulsion during light exposure might increase speed or sensitivity. Kodalith 
stripping film (ortho) was stripped from the plastic support and the binder dissolved off in®ace- 
tone. The bare emulsion was mounted on a transparent electrode (tin-oxide-coated glass) and 
dried. Exposures were made in an EGG Mark VI Sensitometer, with voltage across the elec- 
trodes synchronized with a light flash lasting 10~* sec. A gray scale gave different exposure 
steps. Field without light gave no darkening; light without field served as control. Film han- 
dling raised fog level on all films, so low intensity steps were not discernible. Dramatic increase 
in both contrast and darkening occurred at higher intensities. The extrapolated trend at low 
intensity suggests real increase in speed, not just increased gamma. Results in which regions of 
field and no field were obtained on the same emulsion (by depositing transparent electrode in a 
suitable pattern) agreed with those where field and control were separate pieces developed 
simultaneously. Emulsion dielectric strengths, for short pulses, reached several million volts per 


centimeter and seemed to be affected by humidity. 


The present paper contains the first fruits of an 
exploratory investigation designed to test the hypoth- 
esis (suggested by theory) that strong electric fields 
applied to an emulsion during light exposure might 
increase speed or sensitivity. The results appear 
to be sufficiently unambiguous to assert that a posi- 
tive effect exists which is large. Many avenues of 
investigation have been suggested by these results, 
and many questions are still open. The present 
paper gives a theoretical discussion of the effects 
sought and found, the experimental procedures 
used, and results obtained, and a short discussion 
of promising avenues of research and possible appli- 
cations. 


Discussion of Theory 


Current photographic theory indicates that at 
least one kind of charge carrier (usually assumed 
to be an electron) is made mobile by the absorption 
of a light quantum. Its subsequent migration and 
trapping at a special site affects the rate of develop- 
ment of a grain in which such an event has occurred. 
A good correlation exists between the photocon- 
ductive spectral response of photographic materials 
and their photographic spectral sensitivity. This 
supports the view that the freeing of electrons repre- 
sents an important step in the photographic process 
and suggests that the photographic process would 
become more sensitive and faster if the charge den- 
sity of electrons in the emulsion could be increased. 


Presented at the National Conference, Chicago, 29 October 1959. Re- 
ceived 13 August 1959; revised 28 September 1959. 


It is well known that the density of mobile charges 
can be increased in many materials by the application 
of intense electric fields. Prolonged application of 
these fields usually results in catastrophic break- 
down. Building up the breakdown process requires 
time for secondary avalanche effects to be felt which 
are essential for the breakdown process. 

The most important secondary process in dielec- 
tric breakdown is thought to be ionic conduction. 
In solids and liquids, ions are very immobile ordi- 
narily, compared to electrons, but their mobility 
increases rapidly with increase in temperature. 
In dielectric failure, ohmic heating is believed to 
make the ions mobile, whence ionic conduction is 
increased, leading to still more heating, with con- 
comitant decrease in dielectric strength and building 
up of space charge and associated high internal 
fields. These processes culminate in dielectric 
breakdown. If a high field is applied for a time too 
short to permit appreciable ionic migration, however, 
the possibility arises that fields far in excess of 
steady fields culminating in breakdown could be 
applied with no breakdown taking place. Extensive 
electron avalanching can then occur without break- 
down. Similar considerations apply to substances 
with a large photoconductive gain (large ratio of 
free lifetime to transit time of electrons or holes). 

Multiplication of electron concentrations by fac- 
tors as high as 10‘ has been observed in photocon- 
ductors without destruction of the material.' It is 


1. K. Lark-Horovitz, in ““The New Electronics,’ in The Present State of 
Physics, Am. Assoc. Advance. Sci., 1954, p. 72, cites a “‘multiplica- 
tion” of 105 for cadmium sulfide. For investigation of electron multi- 
plication in silicon and germanium see, for example, K. G. McKay. 
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well known that insulators will withstand for short 
times peak voltages higher than those they can with- 
stand for prolonged times.* It therefore seemed 
logical to investigate the possibility of applying 
pulsed electric fields to photographic emulsions dur- 
ing exposure to light in order to avalanche the pri- 
mary photoelectron concentrations to high values 
without destroying the emulsion. 

Another mechanism by which electric fields might 
enhance speed is as follows: If incident quanta 
produce hole-electron pairs, many pairs might re- 
combine before the photographically active carrier 
has time to migrate to a sensitive site. Application 
of a high field might tend to separate electrons and 
holes, thereby increasing the probability of carrier 
trapping at a sensitive site before recombination 
takes place. 

While the experiments to be reported do not per- 
mit a clean-cut decision between these mechanisms, 
one would expect, on the charge separation hypoth- 
esis, that lower fields would be effective in enhancing 
speed than on the avalanche hypothesis. Hamilton, 
Hamm, and Brady,* as well as Klein and Matejec,‘ 
have exposed grains to light in an electric field. 
They reported no actual speed increases at fields 
of the order of 10‘v/cm. We used fields two orders 
of magnitude higher and observed speed increases. 
As we feel that fields of 10‘ v/cm would probably 
have been large enough to achieve pair separation, 
we lean towards the avalanche hypothesis as the 
more likely explanation of the results observed. 

Haynes and Shockley’ found the mean free path of 
an electron in silver chloride to be 33 A. In silver 
halide, the band gap is about 4 ev, so one might 
argue that the field strength required for avalanche 
amplification would be 4/(33 < 10~*) or about 1.2 x 
10’ v/cem. Real crystals, because of the presence 
of impurities and lattice defects, have levels within 
the forbidden band. The 4 ev cited applies to the 
unperturbed silver halide crystal. The field calcu- 
lated may thus easily be an order of magnitude or 
more higher than the field required to cause ava- 
lanching in a real crystal. It is known, for example, 
that in germanium or silicon, many impurites intro- 
duce levels separated from the valence or the con- 
duction bands by an energy gap an order of magni- 
tude smaller than the width of the forbidden gap. 
Similarly, with field emission from metals, 
surface contaminations reduce the magnitude of the 
field required to pull electrons out of the surface by 
several orders of magnitude. It thus appears quite 
reasonable to expect avalanching to occur in fields 


and K. B. McAfee, Phys. Rev., (2) 91: 1079 (1953); S. L. Miller, 
ibid., 99: 1234 (1955), 105: 1246 (1957); A. G. Chynoweth, ibdid., 
109: 1537 (1958); H. S. Veloric, M. B. Prince, and M. J. Eder, -/. 
Appl. Phys., 27: 895 (1956). Note, for comparison, that multi- 
plications of the order of 10% occur in Geiger counters. 

2. Fora general discussion of dielectric breakdown, with 273 references, 
see W. Franz, “Dielektrischer Durchschlag,” in Handbuch der 
Physik, XVII, Springer Verlag, 1956, pp. 154-263. Figure 18, p. 
182, is particularly relevant in the present context. 

3. J. F. Hamilton, F. A. Hamm, and L. E. Brady, J. Appl. Phys., 27: 
874 (1956). 

4. E. Klein and R. Matejec, Naturwiss, 7: 225 (1959). 

5. J. R. Haynes and W. Shockley, Phys. Rev., (2) 82: 935 (1951). 
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of the order of 10° v,cm. It is not even excluded, 
a priori, that the gelatin may play a role by inter- 
acting with the halide crystallite surface, or as an 
avalanche medium. 

From current photographic theory, one might 
expect additional electrons to enhance the speed 
and sensitivity of emulsions for two reasons. The 
first is a consequence of the fact that different grains 
require different numbers of quanta and hence of 
electrons to make them developable. A family of 
characteristic curves, where the parameter is the 
minimum number of quanta required to make a grain 
developable, shows that the low quanta grain char- 
acteristics have longer toes and smaller gammas 
than the higher quanta grains.° The latter are dis- 
placed in the positive direction of the log E axis. 
The effect of pulse sensitization should be to increase 
the relative contribution of the high quanta grains. 
The characteristic curve should, therefore, become 
steeper, be shifted in the negative direction along the 
log E axis, and have its toe shortened. The second 
reason is a consequence of the effect of emulsion 
thickness on the D-log E curve.’ The top layers of 
the emulsion have the usual curve, while deeper layers 
are shifted along the log E axis as a result of absorp- 
tion. Pulse sensitization, on the avalanche hy- 
pothesis, by pulling electron avalanches into the 
deeper layers, should straighten up this composite 
characteristic so that it resembles the thin emulsion 
curve. In addition, the latitude and the maximum 
useful value of the saturation density could increase. 

For thin emulsions, one would expect the first effect 
to be more important. Both effects could be present 
simultaneously and would have similar effects on 
the characteristic curve except in the neighborhood 
of the toe. The thick film effect would not shift the 
position of the toe, whereas the grain sensitivity 
effect would shorten the toe. If the most sensitive 
grains are sufficiently sparse for their effect to be 
buried in fog level, the toe would be expected to 
shift to lower energies along the log E axis. In- 
creased latitude and gamma should result with 
both effects, along with a shortening of the shoulder. 


Experimental Techniques and Procedure 


In order to test the foregoing as soon as possible, 
it was decided to use available stripping film and 
place the bare emulsion between electrodes rather 
than attempt to coat an electrode directly. Koda- 
lith stripping film (ortho) was stripped from its plas- 
tic support and the binder was dissolved off in ace- 
tone. The bare emulsion was mounted on a trans- 
parent electrode (tin-oxide-coated glass) and dried. 
As the emulsion was about 5 yu thick, there were 
considerable difficulties in handling it. Care was 
taken to avoid bubbles, overly thick or overly thin 
regions of the emulsion, entrapped fluid, and gross 
rips, folds, etc. It was not possible to avoid defects 


6. C. E. K. Mees, The Theory of the Photographic Process, 2nd ed., 
Macmillan Co., New York, 1954, Fig. 66, p. 183. 


7. Ibid., Fig. 68, p. 189. 
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Fig. la. Field and control exposures of gray scale. Nominal light 
exposure, 100 usec; effective duration of field less than the nominal 
50 usec because of breakdown which punctured the film. The break- 
down occurred at the edge of a bubble which bisected several steps 
and covered two others. Top: control film —0O kv, 100 usec light; 
bottom: 1 kv, 50 usec nominal pulse duration, 100 usec light pulse. 
NOTE: The contrast between steps in this and other figures is much 
better in the original emulsions than in the prints prepared for pub- 
lication. 


of this sort in all cases, and one experiment in which 
a small bubble had been inadvertently trapped 
between the emulsion and an electrode will be de- 
scribed later. A second electrode was placed over 
the film. Between the pulsed light source of the 
EGG Mark VI Sensitometer and the emulsion 
“sandwich,” a gray scale was inserted to provide a 
large number of exposure steps. The pulsed field 
was applied with a dual thyratron circuit. A large 
capacitance, charged up to the desired voltage, sup- 
plied a high field when the control thyratron was 
triggered. At a desired later time, triggering of a 
second thyratron allowed the condenser to dis- 
charge to ground. The pulse width could be varied 
from several microseconds to several hundred micro- 
seconds. The “sandwich” was virtually an open 
circuit, so practically no drop in condenser voltage 
during the pulse was noticeable unless dielectric 
failure took place. The light pulse used was the 
shortest flash provided by a standard Mark VI 
Sensitometer (nominal duration, 10~‘ sec).* 
Considerable trouble was encountered with dielec- 
tric breakdown of the emulsion, which was amelio- 
rated by proper shaping of the electrodes and appar- 
ently aggravated by increase in humidity. The 
thyratron circuit was triggered by the sensitometer 
flash-tube circuit. Its delay was not measured 


* Pulse durations down to 1 usec are now available in the EGG Sensitom- 
eter on special order, but only the standard duration was available at the 
time this investigation was carried out. 
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Fig. 1b. Densitometer readings of field and control exposures. The 
steps wholly or partially covered by the bubble fall smoothly on the 
curve of the control film. The two curves can be made to coincide 
with a translation along the log exposure axis. 


precisely but was of the order of 0.1 usec or less. 
Application of pulse voltage was for times in the 
range of 10 to 100 usec. Breakdown generally 
occurred at the longer pulse lengths, but some 
results were obtained. Voltages applied were gen- 
erally of the order of 1 to 2 kv, leading to fields 
within the emulsion of 2 to 4 < 10° v/cm. Initially 
exposures were made in pairs, one with and one with- 
out field, all other parameters being the same, 
including the use of adjacent strips of emulsion cut 
from the same piece of film. It was verified that 
the application of field in the absence of light induced 
no development beyond that of the unexposed con- 
trol film developed and processed with it. Field 
films and their controls were exposed within seconds 
of each other and processed simultaneously in the 
same baths for the same times and dried on the same 
support. Kodalith developer was used in accordance 
with the manufacturer’s instructions. In later ex- 
periments, field and control exposures were made 
simultaneously on the same emulsion. 
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LOG EXPOSURE METER-CANDLE —SECONDS 
Fig. 2. Densitometer readings of field and control regions of the same 
emulsion, the control region being one where a portion of the trans- 
parent electrode was removed. No breakdown was observed at the 
indicated voltage (1 kv or 2 X 10° v/cm) and time (12 usec). 


Experimental Results 


Figure 1 shows the first positive result obtained. 
Because of an entrapped bubble, there were regions 
where current flow was possible, and others where 
current flow was impeded, sometimes within the 
same exposure step. Densitometer readings were 
plotted against log exposure. The points corre- 
sponding to the region of no current flow fell smoothly 
on the curve of the control film to which no field 
was applied. In this case, 1 kv was applied for 50 
usec. The curves superpose quite well with a trans- 
lation along the log E axis. 

This result was deemed sufficiently encouraging 
to justify further experimentation and suggested 
the practicality of combining regions of field and 
no field in the same exposure. The emulsion could 
then be its own control. This was to be done by 
making a conducting pattern on one electrode, with 
respect to which the gray scale would be located in a 


LOG EXPOSURE METER-CANDLE - SECONDS 
Fig. 3. Densitometer readings of separate field and control emulsions. 
There is some reason to believe that these particular films received 
more severe handling than the others. 


manner providing regions of current flow and no 
current flow within each exposure step. 

Several densitometric comparisons of field and 
control are shown in Figs. 2,3, and 4. It is apparent 
that there are qualitative differences between them, 
particularly in the lowest intensity steps. ‘The con- 
trol and field curves (Figs. 1b and 4) seem to be well 
separated over the entire exposure range. In Fig. 
3, they seem to come together near the fog level, 
which was higher than that of the others. One 
hesitates to say whether the curves in Fig. 2 run 
together. Large differences between one film and 
the next might be expected because of the drastic 
handling one must necessarily give the film in order 
to perform the experiment. 

In Fig. 5, we have translated the curves of the 
preceding figures, making the control curves coincide 
as far as possible. The large extent to which the 
control curves actually do coincide is noteworthy. 
The curves depart from coincidence at the very low 
and the very high exposures. The variation at low 
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Fig. 4. Field and control, 100 psec exposure, 1 kv (2 X 10° v/cm) 
pulsed field of unknown duration. 


exposure is probably due to differences in handling, 
and that at high exposures to differences in develop- 
ment. The corresponding field curves are now seen 
to fall in a group which is well separated from the 
control curves and in which there is considerable 
variation. There is no doubt, however, that a con- 
siderable increase in blackening, contrast, and gamma 
has occurred. The linear region of the character- 
istic curve has been extended further toward the 
toe. A very marked increase in density at the higher 
exposures has occurred. 

The curve of Fig. 2 was obtained with a 12-usec 
application of field. Over a considerable range the 
density is at least double that of the control. From 
the variation with time of the light output of the 
flash tube and the known time and duration of 
application of the pulse, it was concluded that only 
about one seventeenth of the incident light energy 
reached the film during the time the pulse was 
applied. In the regions where current could flow, 
the density, on the whole, corresponded to at least 
double that of the total optical exposure actually 
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DENSITY 


LOG EXPOSURE METER-CANDLE - SECONDS 

Fig. 5. Composite of curves of Fig. 1 through 4, in which translation 

along the log exposure axis was used to superpose the control curves. 


made. The effect of the field can therefore be de- 
scribed as equivalent to about a 17-fold increase in 
intensity. As the film used is known to have a severe 
reciprocity failure, this figure would appear to be 
very conservative. One can say, therefore, that the 
effect of the field simulates an increase in the number 
of quanta falling on the film of possibly as much as 
two orders of magnitude. Greater density increases 
were observed on some films, but because of break- 
down the time of application of field is not known. 

Several of the films were examined under the 
microscope. In some cases, blackened patches were 
observed at low power (30 diameters), suggesting 
that the average gross density increases observed 
were small compared to those one might obtain 
with more refined techniques. The possibility 
that these were artifacts due to film handling or 
incipient breakdown is not excluded, however. Step 
edges were examined to see if electron avalanches led 
to fuzziness due to sidewise straggling. No fuzziness 
was observed. 

Shown in Fig. 6 are two films exposed under the 
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Fig. 6. Comparison of emulsions pulsed on illumination and in the 
dark, showing the absence of effects due to field without light. Leff: 
1 kv applied in 100 usec light; right: 1 kv applied in the dark. 


Fig. 8. Comparison of two pulsed films differing only in time of 
application of voltage. Top: 1.5 kv, 100 usec duration; bottom: 
1.5 kv, 50 usec duration. Dielectric failures are both more numerous 
and more severe with longer time of application of field. 
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Fig. 7. Typical effect of “wrinkles'’ in presence and absence of field. 
left: 1 kv, 100 usec exposure; right: 100 usec exposure. 
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Fig. 9. Comparison of emulsions exposed with and without field, in 
which strips of electrode have been removed. Top: 1/10,000-sec 
exposure; bottom: 1/10,000-sec exposure, 1.5 kv, 12.5 psec 
pulse. The lighter color of the strips is apparent in the pulsed film, the 
lack of differentiation is apparent in the zero fleld case. The numerous 
spots, possibly incipient breakdown, at the high fleld (3 10° v/cm) 
should be compared with Fig. 10. 
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same pulsed electrical conditions, one with and one 
without light. Clearly, if there is no dielectric 
breakdown, field alone produces no effect. 

Figure 7 shows an early pulsed film and control 
showing pronounced striations in the pulsed film, 
perhaps due to wrinkles and thus to nonuniform 
contact with the electrodes. It is included to illus- 
trate one of the ways in which films can easily be 
ruined as far as getting quantitative data is con- 
cerned. 

Figure 8 shows dielectric breakdown at 1.5 kv 
(about 3 x 10° v/cm) at 50 and 100 usec pulse 
lengths. The number of punctures and their sizes 
are larger at the longer pulse lengths. 

Figures 9 and 10 show gray scales photographed 
with and without pulsed fields of 12.5 and 50 usec 
respectively, where one electrode has had strips of 
conductive coating removed. It is clear that con- 
siderable contrast exists between coated and un- 
coated regions when field is applied, and that this 
contrast disappears if no field is applied. It is also 
interesting to note that small spots, possibly indica- 
tive of incipient breakdown, are present in Fig. 9, 
where a field of 3 « 10° v/cm was applied (1.5 kv), 
while such spots are absent in Fig. 10, where the 
field was 2 < 10° v/cm (1 kv). Breakdown appar- 
ently depends more sharply on field than on time, 
for a 50% increase in field more than overcame a 
four-fold reduction in time of application of field. 
This conclusion, though reasonable from theory, is 
merely indicated rather than established by this and 


Fig. 10. Similar to Fig. 9, at lower field (2 X 10° v/cm) but longer 
duration. The absence of spots is noteworthy. Left: 1/10,000 sec, 
1 kv, 50 psec; right: 1/10,000-sec exposure only. 
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several similar experiments because of the large 
observed spread in dielectric properties of different 
emulsion samples. 


Discussion 


It is clear that pulsed fields, of magnitude too 
large to apply steadily without emulsion breakdown, 
have large effects. The increase in gamma and con- 
trast is dramatically evident to the eye. The large 
increase in density at the higher exposures and the 
apparent extension, in some cases, of the linear por- 
tion of the characteristic curve, suggest the strong 
possibility of obtaining increased latitude and maxi- 
mum useful density. The superposed curves of Fig. 
5 show a wide systematic separation between field 
and control curves. Extrapolation of them strongly 
indicates a shift of the toe to lower intensities, i.e., 
a genuine increase in speed. 

These preliminary experiments suggest many 
avenues for further research, which we hope to 
follow up in due course. For example, the spectral 
response, the effect of simultaneous or successive 
exposures, and the effect of pulses delayed in time 
with respect to exposure should be studied. The 
dependence of speed on field strength should be 
investigated in more detail. The effects of emulsion 
variables and spectral sensitization should be studied. 
The possibilities arise that one can enhance the speed 
of fine-grain emulsions and can increase saturation 
density by using pulse sensitization. Also, the 
possibility of an electrical rather than a mechanical 
shutter suggests itself for flash photography or 
radiography or high-speed cinematography. 


Conclusion 


These preliminary investigations show that the 
phenomenon of field intensification exists and is 
large. Itis hoped that, with emulsions coated directly 
onto an electrode, definitive answers can be given 
to some of the questions raised under the heading 
*‘Discussion,’’ above. 
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Effect of Chemical Ripening on the Photographic 


Response to Light, X- and Gamma Radiation 


D. A. NEPELA AND H. F. NitKa, Ansco Research Laboratories, Binghamton, N.Y. 


Latent-image formation in a silver-bromoiodide emulsion was studied at various stages of 
chemical ripening when exposed to different radiation energies (high- and low-intensity light, x- 


and gamma radiation). 


addition to physical development. 


Surface, internal, and commercial development were applied, in 
Chemical ripening, known to improve the surface sensitivity 


of the silver halide crystals for exposures to light, is more important for exposure to gamma 


radiation than for x-ray exposures. 
closely related to exposures to light than to x-ray exposures. 


In this respect, gamma radiation exposures are more 
This result is interpreted in the 


light of present knowledge of the mechanism of latent-image formation. 


Formation of latent image by x-ray and gamma-ray 
exposures in photographic silver halide emulsions 
differs from latent-image formation by light. For 
an exposure to light, several absorbed light quanta 
are required to render one silver halide crystal 
developable. For x-radiation, it is possible that a 
single x-ray or gamma-ray quantum would make 
several crystals developable by way of numerous 
photoelectrons having sufficient energy to traverse 
several crystals. However, the exact mechanism 
of latent-image formation by high-energy radiation 
as compared to that by light exposure is still not 
fully understood. For instance, Hautot! and collab- 
orators state that chemical sensitization is relatively 
inefficient in changing the response of photographic 
emulsions towards x-radiation. Hoerlin and Muel- 
ler,? on the other hand, found that for quanta which 
affect more than one crystal, chemical surface sen- 
sitizing, with its decreased threshold energy, be- 
comes significant, and increasingly so with increasing 
energy since the energy loss per crystal decreases with 
increasing kinetic energy of the electron. 

A simple way to change surface sensitization is to 
change the degree of chemical ripening of an emul- 
sion. In a recent paper, D. Klein’ reports the 
influence of chemical ripening of different silver 
halide emulsions on their response to high-energy 
radiation, using standard commercial developing 
conditions. Because of the complexity of the prob- 
lem, it appeared desirable to analyze the latent-image 
formation for various stages of chemical ripening 
in a more detailed manner. This can be accom- 
plished by developing separately surface and internal 


Presented at the National Conference, Chicago, 29 October 1959. Re- 
ceived 20 August 1959; additional material received 2 October 1959. 


1. A. Hautot, Inventaire des Travaux menés dans le Champ de la Photo- 
graphie Scientifique, Liége, 1958, pp. 196-199. 

2. H. Hoerlin and F. W. H. Mueller, J. Opt. Soc. Am., 40: 246 (1950). 

3. D. Klein, Wéissenschaftliche Photographie: Internat. Konferenz 
Cologne 1956, Verlag Helwich, Darmstadt, 1958, p. 291. 
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image; by physical development, which provides 
an indication of the number of latent-image nuclei 
per crystal; and by determination of reciprocity 
law characteristics. In particular, by distinguishing 
between surface and internal image, it was hoped 
to enlarge our knowledge of the mechanism of 
latent-image formation by x- and gamma rays as 
opposed to that by light. In these experiments, the 
surface sensitization is arbitrarily varied by testing 
a single emulsion at various stages of chemical 
ripening. 


Experimental Details 


For a better understanding of the results and their 
interpretation with regard to latent image formation, 
a few remarks must be made on some experimental 
details. All experiments were carried out on a 
silver-bromoiodide emulsion (1% iodide) without 
optical sensitization. The chemical ripening (at 
54°C) was carried out for various times using a so- 
called active gelatin. The emulsions were exposed 
to unfiltered tungsten light, to 65 kvp and 250 kvp 
filtered x-rays, and to Co-60 gamma radiation. In 
addition to a standard commercial developer con- 
taining sulfite, a Metol-ascorbic acid surface devel- 
oper and an internal developer containing Metol- 
hydroquinone and sodium thiosulfate were used. 
Prior to internal development, the surface latent 
image was removed by treatment of the prewashed 
strips in chromic acid. Post-fixation physical de- 
velopment was also applied. Specific details are 
give in the Appendix. 


Reciprocity Characteristics 


The basic properties of the photographic emulsion 
used in this investigation can be described best by 
its reciprocity characteristics. In particular, the 
object is to demonstrate that the reciprocity char- 
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LOG 


Fig. 1. Reciprocity diagram for surface development, D = 0.50. 


acteristics for surface, internal, and total develop- 
ment follow the general pattern of standard photo- 
graphic emulsions, as, for instance, described and 
interpreted by Mitchell and Mott.‘ The results 
are shown in Figs. 1, 2, and 3. 

In Fig. 1, it can be seen that, for surface develop- 
ment, the general speed increases with increasing 
ripening time. This is a normal, expected result. 

Figure 2 shows the results for internal develop- 
ment with its typical low-intensity reciprocity-law 
failure. For very prolonged chemical ripening, 
however, the speed decreases after passing through 
a maximum, for both low- and high-intensity expo- 
sures. 

For total development in a commercial developer 
containing sulfite, the reciprocity failure is not very 
pronounced and, apart from a general speed increase, 
depends very little on chemical ripening, as demon- 
strated in Fig. 3. Apparently the opposing trends 
of surface and internal image act to compensate each 


4. J. W. Mitchell and N. F. Mott, Phil. Mag., (8) 2: 1149 (1957). 
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Fig. 3. Reciprocity diagram for total development, D = 0.50. 
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Fig. 2. Reciprocity diagram for internal development, D = 0.50. 


other. For the longest ripening time, which in the 
photographic sense would correspond to an already 
overripened emulsion, the small, remaining low- 
intensity failure is practically eliminated and the 
high-intensity speed reduced, because of the over- 
ripening. 

For physical development, which is indicative of 
the number of latent-image nuclei formed,’ a sharp 
decrease of low-intensity reciprocity failure with 
prolonged chemical ripening is observed, as shown 
in Fig. 4. In addition, the general increase in speed 
with ripening indicates that the physically develop- 
able latent-image nuclei increase rapidly in number 
with ripening. This increase is somewhat smaller 
for high-intensity exposures. This observation is 
unexpected. However, two possible causes working 
in the same direction may be involved. First, 
there may be a competition for silver, depositing 
from solution among the expected greater number 


5. E. Klein, Mitteilungen aus den Forschungslaboratorien der Agfa 
Leverkusen-Miinchen, Verlag Springer, Berlin-Géttingen-Heidelberg, 
1958, Vol. 2, p. 80. 
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Fig. 4. Reciprocity diagram for post-fixation physical development, 
D = 0.50. 
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Fig. 5. Fog for various ripening times, for surface, internal, and total 
development. 


of nuclei formed by the high-intensity exposure, thus 
retarding the growth of the individual nuclei. Such 
an effect was observed by Klein’ in a recent electron 
microscopic study. Second, it is known that the 
fixing solution used in these experiments has an 
uncertain, though small solvent action which would 
be expected to affect primarily the highly dispersed 
nuclei formed by a high-intensity exposure, thus 
yielding an apparent deficiency for sensitization with 
regard to physical development. 

From these observations, it can be concluded that 
the emulsion used in this investigation possesses 
essentially normal characteristics in accordance with 
the literature, and thus can be regarded as a typical 
emulsion. 

No emulsion is described completely without men- 
tioning the fog level obtained under various develop- 
ing conditions. Figure 5 shows, for the four devel- 
opers used, the fog levels as a function of chemical 
ripening time. It can be seen that in up to 60-min 
chemical ripening time, the fog barely increases. 
After 60 min, the fog starts rising rapidly, and reaches 
undesirably high levels for ripening times beyond 
90 min, indicating overripening. 


Effect of Chemical Ripening on the Response to 
Light, X- and Co-60 Gamma Radiation 
A study was made of the influence of chemical 
sensitization on the response to light, x- and cobalt- 


60 gamma radiation with regard to surface and in- 
ternal latent-image formation. 


Chemical Development 


Let us first look at the surface latent image. In 
Fig. 6, it is demonstrated that the speed generally 
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Fig. 6. Sensitivity at D = 0.50 for surface development for various 
ripening times. 


increases with increasing ripening time. The speed 
increases most rapidly with exposure to light, 
followed by that to gamma rays, while the increase 
in speed with exposure to 65 kvp and 250 kvp x-rays 
is least. It must be concluded that chemical ripen- 
ing influences surface latent-image formation by 
exposure to light and gamma rays to a greater extent 
than that formed by exposure to low-energy x-rays. 

For internal image formation, the results are quite 
different: Figure 7 indicates that chemical ripening 
barely influences the speed for x- and gamma-ray 
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Fig. 8. Relative sensitivity at D = 0.50 for total development for 
various ripening times. 


exposures (except for prolonged overripening, where 
a drop in speed is observed, primarily because of 
excessive fog). In this respect, the results with 
high-energy radiation differ markedly from that 
with light exposures where, for both low- and high- 
intensity exposures, first a speed increase, then a 
decrease for prolonged ripening is found. In other 
words, the internal speed for exposure to high-energy 
radiation cannot be altered markedly by chemical 
ripening. 

Total development (in a commercial developer) 
shows a generally uniform and moderate speed 
increase with increased ripening, followed by a 
speed loss for overripened emulsions, both for expo- 
sures to x- and gamma-rays, as shown in Fig. 8. 
The speed increase for light is more pronounced, 
because for light exposures both surface and internal 
image formation is promoted by increased chemical 
sensitization, whereas for high-energy exposures only 
the surface latent image gains with ripening, as we 
have seen in Figs. 6 and 7. 

It is also interesting to plot the surface-to-internal- 
image ratio, as is done in Fig.9. Here again, mainly 
because of the behavior of the surface image forma- 
tion, a greater effect of chemical ripening is recog- 
nized for light and gamma-ray exposures than for 
exposures to x-rays. 

Summarizing the results on chemical develop- 
ment, one can conclude that the latent image for- 
mation by Co-60 gamma radiation or light can be 
modified by chemical sensitization to a greater 
extent than the latent image formation by exposures 
to x-rays. 


Post-Fixation Physical Development 


There is good reason to assume that the optical 
silver density obtained by the use of a post-fixation 
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Fig. 9. Relative surface/internal-sensitivity ratio at D = 0.50 for 
various ripening times. 


physical development after exposure is to a first 
approximation proportional to the number of latent- 
image nuclei formed during exposure.’ In Fig. 10, 
a general speed increase with progressive ripening 
is observed for all types of exposures. For a high- 
intensity exposure to light this increase is slightly 
less than for all other exposures (see section on 
Reciprocity Characteristics, above). Apparently the 
increase in the number of latent-image specks formed 
is similar for each ripening stage, irrespective of the 
radiation energy. Whether or not these specks are 
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Fig. 10. Relative sensitivity at D = 0.50 for post-fixation physical 
development for various ripening times. 
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Fig. 11. Ratio of total/post-fixation physical development density at 
constant exposure for various ripening times. ky 


developable in a commercial developer, and thus 
are capable of contributing to the optical density, 
can be judged in the following way: If we assume 
that post-fixation physical development provides 
a measure for the number of latent-image centers, 
then for a given exposure the ratio of total, chem- 
ically developed silver to that formed by post- 
fixation physical development can be regarded as 
a measure of “ripening efficacy.”’ It indicates the 
amount of chemically developed silver per latent- 
image nucleus formed by the exposure. Results 
are shown in Fig. 11. The ripening efficacy increases 
with chemical ripening most rapidly for a high- 
intensity exposure, followed by a _ low-intensity 
exposure and an exposure to gamma radiation.* 
For 65 kvp and 250 kvp x-radiation, however, the 
ripening efficacy decreases as ripening increases. 
Here again, a similarity between light and gamma 
radiation is noted. We must recall at this point 
that only a single developable nucleus is necessary 
for chemical development of a crystal and multiple 
nuclei/crystal, if present, could not be distinguished. 
For a physical development all nuclei developable 
in the physical developer would be recorded; con- 
sequently crystals containing multiple nuclei may 
register as such in physical development but would 
not be registered in chemical development. 


Surface Sensitization and Gamma Radiation 


The results reported thus far lead to one important 
conclusion: Chemical sensitization, which is known 
to modify the surface of silver halide crystals, 


*For reasons previously discussed in the section on Reciprocity 
Characteristics, the efficacy for physical development, for a 10-3 sec 
exposure, would be expected to have slightly lower values than are 
actually observed. 
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influences the reponse to light and Co-60 gamma 
radiation more than that to x-ray exposures. This 
fact suggests a few questions, the answers to which 
have a certain practical significance. Two of these 
questions are: 

(a) How is the response of a commercial x-ray 
film towards various radiations changed by a pre- 
exposure bleaching treatment, which serves to 
destroy the surface sensitivity? 

(6) Can the graininess which is very apparent 
when a commercial x-ray film is exposed to gamma 
radiation and developed in a commercial developer 
be modified by a chemical desensitization affecting 
only the surface sensitivity centers? 

Let us first deal with the question regarding the 
effect of a bleaching treatment. 


Pre-Exposure Bleaching of Commercial X-Ray Film 


A commercial x-ray film as used in medical radi- 
ography was bleached in an acid dichromate bath 
sufficient to destroy the surface sensitization. After 
washing and drying, sensitometric strips were ex- 
posed to light, x- and gamma radiation, developed 
together with an untreated sample, and the speed 
loss due to the bleaching determined. There was 
very little speed loss (one-third of a stop) for both 
65-kvp and 250-kvp x-ray exposures. For a gamma- 
ray exposure (Co-60 source), however, a speed loss 
of nearly 1} stop was observed, and for an expo- 
sure to light a loss of more than 4 stops. This ex- 
periment demonstrates again the greater participa- 
tion of surface sensitivity centers in a gamma-ray 
exposure than in exposures to x-rays. 


High-Energy Grcininess 


The increased graininess of developed radiographs 
obtained with high-energy gamma radiation is well 
known. The exact cause of this increase in graininess 
of the developed image with increasing energy of the 
exposing radiation is not fully understood. What 
is certain is that the number of secondary, tertiary, 
etc., electrons per quantum is greater for very high 
energy radiation, and it may be that this large num- 
ber of electrons, if they are not sufficiently degraded 
in energy, are mainly effective in producing a surface 
image on the silver halide crystals. If this is true, 
then a reduction of the surface sensitivity should 
reduce the number of crystals made developable per 
quantum, and thus make a gamma-ray exposure 
more similar to an x-ray exposure in its photographic 
behavior. This has been tested by bathing a fast 
commercial x-ray film (Ansco Superay C) before 
exposure in various concentrations of Pinakryptol 
Green, an effective photographic desensitizer. Since 
the desensitizing solution has no solvent effect at all 
on the silver halide crystal, one can assume that 
mainly the surface sensitivity centers are affected. 
The samples were uniformly exposed to gamma rays 
and developed in a standard commercial developer. 
Samples of equal density were evaluated for granu- 
larity from microdensitometer traces using the density 
variation (root mean square) as a measure for granu- 
larity according to Selwyn. Indeed, it could be 
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Fig. 12. Selwyn granularity of x-ray film vs sensitivity. 


observed that the granularity can be gradually 
reduced with increasing desensitizer concentration. 
At the same time, however, the speed is also reduced 
due to the decreasing number of available surface 
sensitivity centers, which have been found to be 
quite effective in a gamma-ray exposure. It appears 
that speed and high-energy graininess (which is 
somewhat proportional to granularity) are closely 
related for the same emulsion. A similar observation 
was published recently by Frieser and Klein® for 
irradiation of photographic layers with electrons 
in the 50 kev range. Frieser and Klein found that 
granularity is proportional to the square root of 
photographic sensitivity. As shown in Fig. 12, the 
Selwyn granularity increases approximately with 
the fourth root of speed for exposures to Co-60 
gamma radiation, i.e. considerably less than for 
low-energy electrons. 


Summarizing Remarks 


At the beginning of this paper, some recent results 
on the effect of chemical sensitization on the response 
of photographic emulsions towards x-radiation 
were briefly mentioned. The data presented here 
indicate clearly the role chemical ripening plays in 
the photographic response to high-energy radiation 
as opposed to that for ordinary light exposures. 
It has been shown that the significance of chemical 
ripening depends considerably on the type of radia- 
tion to which the photographic emulsion is exposed. 
For Co-60 gamma-ray exposures, chemical ripening 
contributes markedly to the photographic response, 
in a similar fashion as for exposures to light, though 
to a lesser degree. For x-radiation in the 65 kvp to 
250 kvp range, chemical ripening is apparently 
less important. In other words, for Co-60 gamma- 
ray exposures the surface sensitivity centers on the 
silver halide crystals are more effective than for 
X-ray exposures. 


6. H. Frieser and E. Klein, Mitteilungen aus den Forschungslaboratorien 
der Agfa Leverkusen-Miinchen, Verlag Springer, Berlin-Gottingen-Heidel- 
berg, 1958, Vol. 2, p. 121. 


Fig. 13. Energy distribution of secondary electrons (ordinale) pro- 
duced in polyethylene by a primary electron of 65 kev and 1 mev 
energy, respectively. Ordinate in gem~2/Energy Interval AE. 


This observation can be explained by the fact that 
the expendable energy of the photoelectrons pro- 
duced by low-energy quanta (x-rays) is small.’ 
Their specific ionization is high and their range is 
short. Therefore many latent-image nuclei are 
formed within one silver halide crystal, i.e. many 
internal image nuclei are formed around sensitivity 
centers which are not affected by the chemical ripen- 
ing process. For high-energy quanta, the specific 
ionization loss of the produced energetic electrons is 
small over the longest part of their path. But 
these many small energy losses, which do not suffice 
to form internal latent-image nuclei, are frequently 
big enough to create surface image centers. ‘These 
are known to need less energy for their formation, 
i.e. they have a higher sensitivity than that required 
for internal image formation. Further, it is known 
that the number of secondary electrons of all energy 
levels is much higher if they are released by a high- 
energy primary electron or quantum than by a low- 
energy electron.’ The “electron slowing-down spec- 
trum” is shown in Fig. 13 for a 65 kev and a 1.3 
mev primary electron. This spectrum represents 
the energy distribution of secondary electrons pro- 
duced by a primary electron of 65 kev and 1 mev 
energy, respectively, traversing through polyethyl- 
ene which has a stopping power for electrons similar 
to that of gelatin. The total integral under these 
curves is a measure for the production and the cumu- 
lative path lengths of all secondary electrons, or, 
in other words, for the mean distance traveled by 
an electron before it comes to rest; that is its 
“range.”” The important point is that, for a high- 
energy primary electron, the relative amount of 
low energy secondaries is higher than for a low-energy 
primary electron. This fact might also contribute 
to the explanation that surface sensitivity centers 
on the silver halide crystal are more effective for 
gamma radiation than for x-radiation. 


7. H. Hoerlin, J. Opt. Soc. Am., 39: 891 (1949). 
8. R.T. McGinnies, Nat. Bur. Stand., Circular 597 (1959). 
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APPENDIX 


Surface Developer 
Development time — 20 min 


Metol ... 1.0 gram 
Ascorbic acid ° 3.0 grams 
Borax (10H,O) . . 20 grams 
Water ee 1 liter 

Internal Developer’ 

Development time — 8 min 
90 grams 
Hydroquinone .. . 12.0 grams 
| 150 grams 
2.0 grams 
1 liter 

+ 100 ce of 10% Na.S,0;-5H,0 

Bleach’ 

3 min 
H.SO, (conc.) 1.25 cc 
K.Cr.O; 1.875 grams 


Over the normal exposure range, the 3-min bleach repre- 
sented the minimum treatment required for suppressing 
the development of any surface image in a 20-min sur- 
face development. A pre-wash was used for minimizing 
any attack on internal image by the bleach. 
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Post-Fixation Physical Developer” 


Development time — 1 hour 


Solution A 
p-phenylenediamine- 

20 grams 

Solution B 
288.0 grams 
12.0 grams 
0.10N Borax. ... 160 cc 
Water ...... 1440 cc 


Fixer used in conjunction with post-fixation physical 
development” — 15 min 


0.5% 


Total Developer 
Ansco Permadol — 8 min 


For internal development, the procedure was: 


1. Expose 

2. Wash 10 min 
3. Bleach 3 min 
4. Wash 5 min 
5. Develop 


All developments, with the exception of the post-fixa- 
tion physical development, were shortstopped in a stand- 
ard acetic acid bath for 1 min and fixed for 10 min in 
Ansco 204 fixer. 


9. G. W. W. Stevens, Phot. J., 82: 42 (1942). 
10. T. H. James, W. Vanselow, and R. F. Quirk, PSA Jour., 14: 349 
(1948). 
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Resolving Power of Photographic Materials 


as Determined from Interferometer Patterns 


H. Tuiry, General Physics Laboratory, University of Liége, Belgium 


A method of measuring the resolving power of photographic plates is described in which an 
interference image is recorded on the plate under test with a Lloyd's mirror apparatus. The 
resolving power is evaluated by using the developed plate as a diffraction grating and deter- 
mining the maximum diffraction angle produced, from which can be calculated the spatial fre- 
quency of the finest lines that the plate will record. The limiting resolution determined in this 
manner is found to be much higher than that given by microscopic examination. 


A Lloyd’s mirror interferometer produces closely 
spaced interference fringes in which the light inten- 
sity varies sinusoidally according to the classical 
law (ignoring phase shift on reflection) 
sin 
I =r? + k*r? + 2kr? cos 
4rx sin 


é 


= 14 + k? + 2k cos 


where J = intensity at a point x measured from the 
mirror edge 
6 = inclination angle of mirror 
r = amplitude of the incident vibration 
kr = amplitude of the reflected vibration 
k? = reflection coefficient of the mirror, which 
was equal to 0.88 for the visible 
region of the spectrum 


Such a device may be used to generate resolving- 
power test images, and this method has been studied 
particularly by Bruscaglioni,! Wolfe and Eisen,’ 
Falla,* and Polze.‘ 
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Fig. 1. Diagram of the interference apparatus. Slit (F) is 15 yu 
wide and 5 mm long; filter (V) isolates 546-myu (green) line of mercury 
(mercury vapor lamp — L); photographic plate (P) is normal to the mir- 
ror (M). 


Figure 1 shows a diagram of the interferometer 
used in these experiments. The slit is 15 u wide and 
5mm long; the filter isolates the green 546-my line of 
mercury; and the photographic plate to be tested is 
set at right angles to the reflecting face of the mirror. 


Presented at the National Conference, Chicago, 28 October 1959. Re- 
ceived 11 August 1959. 

1. R. Bruscaglioni, Ottica, 1 (1935). 

2. R.N. Wolfe and F. C. Eisen, J. Opt. Soc. Am., 40: 143 (1950). 

3. L. Falla, Bull. soc. roy. sci. Liége, 3: 167 (1957). 

4. S. Polze, Z. wiss. Phot., 53: 102 (1959). 


In the linear portion of the characteristic curve 
the density follows the law 


D = 7 log (E/E,) 


€ + + 2k cos 4xx sin ’) 
40 


where E, = the inertia of the emulsion 
y = the slope of the straight portion of the 
characteristic curve 
t = exposure time 


Falla’ has studied the density of microscopic areas 
and has shown that this expression is true for such 
areas only when a value of microscopic y, which is 
lower than the y found by measuring the density of 
large areas, is taken. In the present paper, we wish 
to describe a property of photographic emulsions 
which we discovered by observing such interference 
patterns. 

There are two well-known methods for studying 
such patterns: by direct observation in a micro- 
scope and by scanning in a microdensitometer. 
The first method gives a subjective evaluation of the 
visibility of the interference fringes. The second 
method is objective, as is necessary for the measure- 
ment of any physical quantity, and it provides 
quantitative data. Figures 2 to 6 show interference 
patterns photographed on a positive emulsion (proc- 
ess type) and on a plate of the type used for the 
production of halftone printing plates. 

The frequencies shown are 47 and 97 lines/mm 
for the positive plate and 50, 100, and 300 lines/mm 
for the graphic-arts plate. The observation of such 
patterns through the microscope enables us to 
evaluate the resolving power of the emulsions, al- 
though the measurement remains subjective. A 
microdensitometer scan provides more information 
by measuring the contrast between the light and 
dark lines. 

Figure 7 shows the 90-line/mm group of a fringe 
pattern on the graphic-arts plate as traced by a 
microdensitometer. ‘The scanning slit of the instru- 
ment was 1 u wide and 300 u long. 


5. L. Falla, Recherches sur la structure des couches sensibles, Thése d’agré- 
gation de |’Enseignement supérieur, Desoer, Liége, 1959. 
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The first problem to be considered in studying 
such patterns is that of counting the lines. The 
usual method is to count the fringes when the plate 
is set on the stage of a traveling microscope. Most 
such microscopes are capable of measuring to within 
1 u, although the optical system may not always have 
sufficient magnification. This problem does not 
arise in the ordinary study of spectrum lines recorded 
photographically, but the observation and counting 
of the lines in interference patterns poses a more 
difficult problem of metrology. Indeed, it is often 
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difficult, if not impossible, to count lines at the limit 
of photographic resolution when this limiting fre- 
quency is greater than 200 lines /mm. 

We have measured such limiting resolving-power 
patterns, however, by using the pattern as a diffrac- 
tion grating and calculating the grating spacing from 
a knowledge of the maximum diffraction angles. 
The photographic plate under study is set on the 
stage of a goniometer, and light from a mercury- 
vapor lamp is focused by a lens on the slit. The 
optical system is shown schematically in Fig. 8. 


Fig. 2. (Left) Pattern of 47 lines/mm on positive 
(process) plate (640 ). 


Fig. 3. (Right) Pattern of 97 lines/mm on plate of 
Fig. 2 (640 X). 


Fig. 4. Pattern of 50 lines/mm on graphic- Fig. 5. Pattern of 100 lines/mm on plate Fig. 6. Pattern of 300 lines/mm on plate of 


arts plate (640 <) 


of Fig. 4 (640X). 


Fig. 4(2150X). 


a 

° 
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Fig. 7. Microdensitometer trace of 90- 
lines/mm pattern of graphic-arts plate. 


The white central image of the slit can be seen in 
the observation tube O, together with diffraction lines 
corresponding to the mercury spectrum. The two 
“left-and-right”’ diffraction lines are sighted so that 
the double maximum diffraction angle is measured 
with an error of 1 min. 

From the law of diffraction gratings, 


dsin a = kd, 


where d = spacing between two lines of the grating 
a = the maximum diffraction angle 
k = the order of the spectrum 
\ = wavelength 


The center-to-center distance between the lines 
of the pattern used as a grating is therefore easily 
determined and the number of lines per millimeter 
may be calculated. ‘This number of lines per milli- 
meter must, of course, be equal to the spatial fre- 
quency of the fringe pattern originally formed by 
the interferometer. In other words, the vibrations 
recorded on the plate by interference phenomena can 
be analyzed after development by diffraction phe- 
nomena. 

Diffraction lines of the third and even of the fourth 
order are easily detected for fringe patterns having a 
relatively small number of lines per millimeter (20 
to 100). This fact means that these patterns in the 
developed image are not sinusoidal. Under the 
same conditions, a Grayson ruling (lines in an alumi- 
num coating) having 100 lines /mm gives 18 diffrac- 
tion orders for \ = 546 mu. We estimate a relative 
precision of about 1 part in 4 xX 10% for patterns 
having 1000 lines’mm when the error in the deter- 
mination of the double diffraction angle equals 
1 min. 

When the number of lines per millimeter is in- 
creased sufficiently, the lines become invisible at any 
optical magnification whatever. If such a graded 
pattern is scanned in a microdensitometer, resolution 
may be observed until a limiting value is reached, 
and we call this the resolving power of the emulsion. 
Indeed, if we record differences of photographic 
densities equal to G /~/a, where G is the granularity 
of the emulsion and a the area of the scanning aper- 
ture, we measure nothing but the fluctuations of 
density arising from granularity. 

We are at present constructing a microdensitom- 
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Fig. 8. Diagram of spectrometer for evaluating resolving power. The 
diffraction images are viewed through telescope (0). (Mercury vapor 
lamp — L; slit— F; sample — R.) 


eter of high resolving power that contains a scan- 
ning slit narrower than 1 uw and longer than 300 u. 
Nevertheless, we do not expect that the instrument 
will resolve more than 200 lines/mm with accuracy. 
The resolving power of the instrument will certainly 
be higher than 200 lines/mm, but the density read- 
ings will be erroneous because of the image degrada- 
tion produced by the optical system. It follows that 
practical methods of observing and studying inter- 
ference patterns are rather limited. 

Under carefully controlled conditions, we have 
observed the following phenomenon. Interference 
patterns of 300, 400, 500, and 600 lines/mm (Fig. 9) 
are photographed on a plate which has a resolving 
power of about 135 lines/mm when estimated with 
the microscope or microdensitometer. When such 
samples are set on the stage of the spectrometer, 
they still behave as diffraction gratings and their 
grating spacing is just equal to the spacing of the 
interference pattern. Only first-order lines are vis- 
ible. This is a case of observation of high resolution 
on a plate of low or medium resolving power. When 
patterns having more than 600 lines/mm were 
studied in the spectrometer, no evidence of line 
structure could be detected. Similarly, a halftone 
plate having a limiting resolution of about 400 lines/- 


Fig. 9. Pattern of 600 lines/mm Fig. 10. Pattern of 1000 lines/ 


on process plate (2150 X). mm on graphic-arts plate (2150 X). 
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mm when evaluated by microscopic observations 
shows evidence of a diffraction pattern in the spec- 
trometer for interference patterns of 800, 900, and 
1000 lines/mm. 

We have also studied negative emulsions of high 
speed and coarse grain. Here the spectrometer 
method of observation reveals a resolution of 300 
lines/mm when the resolving power, as measured 
in the usual fashion, is about 80 lines/mm. 

The resolving-power numbers which we get by 
this diffraction method of observation are much 
higher than the values usually accepted. When 
both microscopic observation and microdensitom- 
eter scanning reveal no more periodic structure 
because the line spacing is too small, the diffraction 
method of observation still produces evidence of 
line structure. 

The first explanation of the phenomenon comes 
from considerations of granularity and random 
fluctuations of density. It is well known that the 
granularity of photographic materials G, is related 
to the root-mean-square fluctuations of density 
op by Selwyn’s law: 


Gp = Va, 


where a is the area of the measuring aperture. 

In the microdensitometer method, a is equal to 
about 1 300 u, which equals 3 10-4 sq mm. 
On the other hand, in the spectrometer method, a is 
the area of the pattern. For a pattern having 
500 lines’mm photographed by means of the inter- 
ference apparatus shown schematically in Fig. 2, a is 
about 5 x 20 = 100sqmm. Thus we have 


op» (microdensitometer) = G),/1.71 10-2 
(spectrometer) = G)/10, 


from which it follows that 


op (spectrometer) = 
1.71 X 10~* op (microdensitometer). 


Thus the density fluctuation cp arising from 
granularity is lower by a factor of about 600 in the 
spectrometer method than it is in the microdensi- 
tometer method. 

Since these granularity fluctuations have the effect 
of obscuring the resolving-power pattern, it is not 
surprising that the periodic properties of even grainy 
photographic emulsions can be detected by the spec- 
trometer method. From our studies, it appears 
that by the use of the spectrometer method, periodic 
structure can be detected in photographic materials 
up to frequency levels which are limited only by the 
size of the developed grains. 

When the incident beam is normal to the plate 
being tested in the spectrometer, observations cannot 
be made of patterns in which the grating spacing is less 
than the wavelength of the incident light. Indeed, it 
is necessary to have d sin a = 1 for the first order, 
where d is the grating spacing, since the maximum 
value of sin a is unity. Thus the smallest value of d 
which can be observed is \; for the blue-violet mer- 
cury line, this corresponds approximately to a resolv- 
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ing power of 2300 lines/mm. However, this method 
may be used for studying the resolution of most 
photographic materials except Lippmann plates, 
which are capable of resolving more than 2500 
lines/mm. 

It must be pointed out, however, that it is also 
possible to produce diffraction with gratings whose 
spacing is smaller than the wavelength of the incident 
radiation. The procedure is to cause the incident 
light to make an angle @ > O with the normal. 
Let the direction of the diffraction image make an 
angle ¢ with the normal. Then, when @ and ¢ are 
on the same side of the normal, the grating law 
becomes 


d (sin 6 + sin ¢) = Ri. 


In this case, the maximum of sin @ + sin ¢ is 2 and 
the minimum value of the grating spacing d is there- 
fore \/2. 

This theory has not yet been examined for all 
cases. We have detected diffraction lines from a 
pattern having 2000 lines/mm when the wavelength 
was 546 mu. At normal incidence, diffraction would 
disappear for gratings having more than 1831 
lines ‘mm. 


Conclusions 


(1) A simple and accurate method is described 
for counting lines in interference patterns recorded 
photographically. In this method, the pattern 
is used as a diffraction grating and the angular 
deviation of the resulting spectral lines is noted. 

(2) Spectrometric observation of fringe patterns 
produced by interference indicate the presence of 
line structure at frequencies higher than can usually 
be resolved with the microscope or microdensitom- 
eter. For example, Fig. 10 is a reproduction of a 
pattern having 1000 lines/mm recorded on a halftone 
plate; no evidence of lines can be detected in the 
microscope image, and the limiting microscopic 
resolution is 400 lines/mm. The _ spectrometer 
method of observation indicates the presence of line 
structure beyond 1000 lines/mm. 

We are continuing to study these phenomena and 
our researches will be reported in future papers. 
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Comparison of Development Kinetics of a p-Phenylenediamine- 
Type Developer and a Metol—Hydroquinone Developer 


R. B. Pontius, R. M. Coe, AND R. J. NEWMILLER, Research Laboratories, 
Eastman Kodak Company, Rochester, N.Y. 


The kinetics and activation energies for development of image silver and of fog silver in a posi- 
tive-type emulsion by a substituted p-phenylenediamine type of developer and by a Metol— 
hydroquinone developer have been compared with a view to determining the features which 
contribute to the superior discrimination between image and fog by the Metol—hydroquinone de- 
veloper. Although the kinetics of image development are identical in the two cases, the de- 
velopers differing only in the rate constants, the kinetics of fog development are different. This 
difference in fog kinetics is thought to be related to evidence that fog consists of a chemically de- 
veloped component and a physically developed component. Since the p-phenylenediamine- 
type developers are silver halide solvents while Metol and hydroquinone are not, the physical 
component of fog is emphasized by the p-phenylenediamine-type developer. The activation en- 
ergies for pure physical development and for solution physical development by the p-phenylene- 
diamine-type developer were measured and found to be 7.5 and 23 kcal/mole, respectively. In 
either case, these values are considerably less than the value of 30 kcal/mole for the gross fog 
process. This result suggests that the activation energy for the development of the chemical 
component of fog must be very high. 


The p-phenylenediamine-type developers, apart from 
their ability to form dyes by oxidative condensa- 
tion with color-forming couplers, have certain prop- 
erties as silver developers which are of fundamental 
interest, and which differentiate them from the more 
common developers of which Metol—hydroquinone 
is a good example. There is much to be learned 
about the fundamental behavior of these developers 
by comparing the kinetics of the process by which 
a silver image is produced by a Metol—hydroquinone 
developer and a p-phenylenediamine-type developer. 
Since some of the significant differences in the ac- 
tion of Metol-hydroquinone and p-phenylenedia- 
mine-type developers lie in their ability to discrimi- 
nate between image and fog, any comparison be- 
tween the two developers should include a com- 
parison of both image and fog kinetics. 

In earlier work by James! on silver development 
by p-phenylenediamine derivatives, the existence of 
a first-order rate law was shown. James showed 
that, for hydroquinone, the upper third of the rate 
curves could be represented by a first-order rate law.’ 
James also studied fog formation by hydroquinone?’ 
and showed that, whereas there was no correlation 
between fog rates and development rates, the more 
powerful the reducing agent of the hydroquinone 
type, the greater was the fogging rate. 


Communication No. 2052 from the Kodak Research Laboratories, pre- 
sented at the National Conference, Chicago, 29 October 1959. Received 
23 September 1959. 

1. T.H.James, Phot.Sci.& Tech.,16B: 83 (1950). 

2. - —,J. Phys. Chem., 44: 42 (1940). 

3. ———,J.Franklin Inst.,234: 371 (1942). 


In the present work, with Eastman Fine Grain 
Release Positive Film, the first-order rate law for 
image development by a p-phenylenediamine-type 
developer and by a Metol—hydroquinone-type de- 
veloper has been confirmed. The kinetics of fog 
formation have also been studied. It has been found 
possible to characterize fog formation in the emulsion 
by simple rate laws which do, however, vary with 
the developer. In order to point out other differ- 
ences between the developers, the activation energies 
for both image and fog development have been de- 
termined. There is evidence from several sources 
that normal fog consists of a physically developed 
component as well as a chemically developed com- 
ponent, and consequently measurements of the ac- 
tivation energy of physical development have been 
made and compared with the activation energy of 
fog formation. 


Composition of Developers 


In the comparison of developers, the developing 
agent CD-3 (the commercial designation of Kodak 
Color Developing Agent, 4-amino-3-methyl-N-ethyl- 
sesquisulfate 
monohydrate) was used with and without the soluble 
coupler, H-acid (8-amino-1-naphthol-3,6-disulfonic 
acid). As a representative of a black-and-white de- 
veloper, an equal molar concentration of Metol plus 
hydroquinone was used. The total molar concen- 
tration of developing agent in each developer was 
0.0183. Each developer contained 2 grams/liter of 
potassium bromide and of sodium sulfite. As buffer, 
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50 grams/liter of tribasic potassium phosphate was 
used, with additional acid or caustic to adjust the 
pH to 12.0. Since, in one case, 2 grams /liter of H- 
acid was used with the p-phenylenediamine-type de- 
veloper to accelerate development and to simulate the 
conditions of development when dye formation oc- 
curs, it was also used in the equivalent Metol— 
hydroquinone developer, where it also has some ac- 
celerating action, particularly in fog formation. 
Thus the developers used were all essentially com- 
parable in regard to composition, concentration, and 
pH. All processing was carried out with 35-mm by 
12-in. strips in the 2-liter cylinders with nitrogen- 
burst agitation. 

The rate of development is usually characterized 
by plotting the density developed as a function of 
development time. However, since differences in 
covering power may exist between developers, the 
developers will be compared on the basis of analyzed 
silver, rather than density, in the present paper. 


Kinetics of Image Development 


The kinetics of development of latent image may 
best be shown in experiments wherein the emulsion 
has first received an exposure sufficient to produce 
latent image in all or nearly all grains. In the pres- 
ent work the emulsion was exposed in an Eastman 
Ib (intensity-scale) Sensitometer at a color tempera- 
ture of 3000°K tor — sec, for a total maximum ex- 
posure of 126 m-c-sec. A set of curves for three de- 
velopers, all at the same temperature, showing sil- 
ver reduced as a function of development time, are 
shown in Fig. 1. All three developers follow the 
same first-order rate law, wherein the rate of silver 
reduction is proportional to the silver halide remain- 
ing at any time, as may be seen, in Fig. 2, by plot- 
ting log (yo — y) against development time. In this 
figure, y is the silver per unit area present at any 
time, and yp) is the silver initially present as silver 
halide. There is no difference between the develop- 
ers except for the differences in rate constants which 
are proportional to the slopes of the lines. 


Development time (min) 
Fig. 2. Method of plotting image development rates in a positive-type 


emulsion at pH 12 and 63°F so as to show conformity to a common 
rate law. 


Each of the three developers gives data in agree- 
ment with the first-order rate law over a considerable 
range of temperatures. Measurements of the rate 
constants at temperatures from 60° to 76°F have 
been used to determine the activation energy of de- 
velopment in the usual Arrhenius method. The 
values of the activation energies for image develop- 
ment are shown in Table I. 


TABLE | 
Activation Energies for Image Development 


Activation 


Energy, 
Developer kcal/mole 
Metol—hydroquinone + H-Acid 10 
CD-3 + H-Acid 16.5 
CD-3 alone 22 


The activation energies for image development 
may be compared with the values obtained by Fort- 
miller and James‘ * for development of positive- 
type grains in liquid emulsions. For hydroquinone, 
they found the value 5 to 8 kcal/mole; for Metol, 
11 kcal/mole; and for CD-3 without coupler, the 
value 22 kcal/mole. 

Contrary to the case for image development, 
Metol—hydroquinone and CD-3 developers follow 
different rate laws for fog formation. Figure 3 shows 
the relative fog rates at 75°F. The rate law for fog 
formation with the emulsion being used is 


dt = ky* (1) 


4. L. J. Fortmiller and T. H. James, Phot. Sci. & Tech., 17B: 102 
(1951). 

Ibid.,18B: 76 (1952). 

Ibid.,19B: 109 (1953). 
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Fig. 3. Comparison of fog development rates in a positive-type emul- 
sion at pH 12 and 75°F. 


where y is the silver per unit area present at time f, 
and n is an exponent which varies with the developer. 
By choosing the correct exponent the fog silver can 
be plotted as a function of development time so as 
to give straight lines from which the fog-rate con- 
stants can be determined. 

In the case of the Metol—hydroquinone developer, 
either with or without H-acid, the exponent in Eq. (1) 
is 0.6. Apparently H-acid accelerates the fog de- 
velopment without substantially altering the rate law. 

The behavior of the p-phenylenediamine-type de- 
veloper is quite different. The H-acid accelerates 
fog production and the exponent n in Eq. (1) is 
unity. Without the H-acid the exponent n is }. 

As was the case with image development, the rate 
laws for fog formation are consistent over a 
range of temperatures and again make possible the 
determination of activation energy. Rate constants 
were determined at six temperatures from 60° to 
76°F and used to determine the activation energies 
for fog formation. These values of activation energy 
are shown in Table II. 


TABLE Il 
Activation Energies for Fog Formation 


Activation 


Energy, 
Developer kcal/mole 
Metol—hydroquinone + H-acid 23 
CD-3 + H-acid 26.5 
CD-3 alone 30 


The activation energies for fog formation in Table 
II may be compared with the values obtained by 
Fortmiller and James®:‘ for development of positive- 
type grains in liquid emulsions. They found, for 
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Fig. 4. Electronmicrograph of fog silver in hardened positive-type 
emulsion produced in 25 min by a p-phenylenediamine-type developer. 


hydroquinone, the values 12 to 21.5 kcal/mole; and 
for Metol, 22 kcal/mole. 

The discrimination between image development 
and fog formation characterized by the differences in 
activation energies is 13 kcal/mole for Metol-— 
hydroquinone, 10 kcal/mole for CD-3 plus H-acid, 
and 8 kcal/mole for CD-3 alone. The discrimina- 
tion between image development and fog formation 
is better in the case of the Metol—hydroquinone de- 
veloper than for p-phenylenediamine-ty pe developer. 
The discrimination by the p-phenylenediamine-type 
developer is poorer still if the H-acid is omitted. 

The three developing solutions being compared 
here in their action on a positive-type emulsion all 
showed the same type of rate law for image develop- 
ment, differing only in the magnitude of the specific 
rate constants. They do, however, differ in regard 
to the kinetics of fog formation, so it is suspected 
that the fogging properties of the p-phenylenedia- 
mine-type developers contribute to the poorer dis- 
crimination between image and fog shown by these 
developers. It is therefore of interest to investigate 
in more detail the mechanism of the fogging action 
of the p-phenylenediamine-type developers. 

Normal fog may be of two principal types,*’ a 
‘“‘preformed”’ or “‘ripening’’ component, consisting of 
fog centers large enough and so located as to act like 
latent-image nuclei, the kinetics of the fog process 
being similar to image development kinetics; and a 
“primitive” or ‘‘developer’’ fog which increases in 
rate with time and the amount of silver reduced. * 
The word “‘primitive’’ may be used because this type 


7. R.W.Swenson, Phot. Sci. & Eng.,1: 119 (1958). 


*The rate must decrease again as the available silver halide becomes ex- 
hausted. 
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Fig. 5. Electronmicrographs of fog silver in an unhardened positive-type emulsion produced in (left to right) 10, 30, and 40 min by a p-phenylene- 
diamine-type developer. 


Fig. 6. Electronmicrographs of fog silver in an unhardened positive-type emulsion produced in (left to right) 5, 20, and 40 min by a p-phenylene- 
diamine-type developer with added silver halide solvent. 
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Fig. 7. Effect of thiocyanate on fog formation in a positive-type emul- 
sion by a p-phenylenediamine-type developer at pH 12 and 75°F. 
Curve A, control; Curve B, 1 gram/liter of sodium thiocyanate in °° 
developer. 0 5 ac 3 


of fog appears even in a primitive,’ unsensitized 
emulsion, where it is the principal fog. Electron- 
micrographs studied by Swenson ’ show that “‘ripen- 
ing‘‘ fog, also called ‘“‘emulsion’”’ fog, consists of 
filamentary silver, while developer fog appears as 
compact masses due to physical development. Elec- 
tronmicrographs of fog silver produced by develop- 
ment of Eastman Fine Grain Release Positive Film 
with CD-3 developer show little evidence of filaments, 
as seen in Fig. 4, but this result is probably caused 
by the hardness of the emulsion coating which pre- 
vents the free spreading of the filaments. If elec- 
tronmicrographs are made of fog silver produced by 
CD-3 developer in a similar but unhardened emul- 
sion, the individual filaments can easily be distin- 
guished. An example of this effect is shown in Figs. 
5a, 5b, and 5c, where the electronmicrographs are of 
samples developed in the CD-3 developer for 10, 30, 
and40min. Itcanbeseen that, although most of the 
filaments get thicker with time, after 40 min a few of 
the finest filaments are still being formed. The form- 
ation of filaments undoubtedly corresponds to the 
“‘ripening”’ fog, while the slower thickening of the fil- 
aments with time due to physical deposition upon the 
substrate provided by the filaments would then repre- 
sent the “developer” fog. The increase in filament 
thickness with time of development is more pro- 
nounced if a small amount of auxiliary halide solvent 
is added to the developer. In Figs. 6a, 6b, and 6c is 
seen the more pronounced thickening of the filament 
when 1 gram /liter of sodium thiocyanate is added to 
the CD-3 developer. The growth of filament thick- 
ness by physical deposition has also been shown in 
electronmicrographs by Klein. 

Additional evidence that the slow-developing com- 
ponent, the “‘developer’’ fog, consists of physical de- 
velopment is provided by the use of developer 
addenda which increase or decrease the amount of 
available silver ion in the solution phase. The p- 
phenylenediamine-type developers themselves are 
silver halide solvents to a greater or lesser degree, 


8. W.G. Lowe, J. E. Jones, and H. E. Roberts, ‘“‘Some Chemical Fac- 
tors in Emulsion Sensitivity,’ in Fundamental Mechanisms of Pho- 
tographic Sensitivity, J. W. Mitchell (ed.), Butterworths Scientific 
Publications Ltd., London, 1951, p. 112. 

9. E. Klein, Z. Elektrochem.,62: 505 (1958). 
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Fig. 8. Effect of thiocyanate on fog formation in a positive-type emul- 
sion by a Metol—hydroquinone developer at pH 12 and 75°F. Curve 
A, control; Curve B, 1 gram/liter of sodium thiocyanate in developer. 


depending upon the structure of the molecule, as is 
made evident by the fact that they are able slowly to 
develop the internal latent image, while Metol and 
hydroquinone cannot by themselves do so. This 
development of internal image is slow compared to 
ordinary surface development, so it is not normally 
apparent except when the surface latent image has 
been bleached and long times of development have 
been employed. Solvent action by the p-phenyl- 
enediamine-type developers is also shown by their 
ability to deposit silver onto finely divided Carey- 
Lea-type silver dispersed in an unexposed emulsion 
in the absence of any other halidesolvent. Although 
Metol and hydroquinone are not themselves solvents 
of silver halide, they are such powerful developers 
of silver ion that they are capable of giving consid- 
erable physical development in the presence of 2 
grams /liter of bromide, which acts to some extent 
as a solvent for silver halide. 

Addition of a small quantity of a more powerful 
halide solvent, such as sodium thiocyanate, greatly 
increases the supply of available silver ion in the 
solution phase and consequently considerably in- 
creases the developer fog. This effect is shown in 
Fig. 7 for the case of the CD-3 developer, and in 
Fig. 8 for the Metol—hydroquinone developer. The 
increase in fog with thiocyanate added to the Metol— 
hydroquinone developer is considerably greater than 
in the case of the p-phenylenediamine-type developer, 
in keeping with the fact that the Metol-hydroquinone 
developer is a much more powerful reducing agent 
for silver ion than is the p-phenylenediamine-type 
developer. 

Certain substances, particularly antifoggants, 
which form stable salts with silver ion can be used as 
developer addenda to reduce the supply of available 
silver ion. A substance of this nature which is ef- 
fective is The sol- 
ubility of the silver salt of phenylmercaptotetrazole 


10. E.J. Birr, Z. wiss. Phot.,49: 1 (1954). 
11. K.Murobushi, H. Ichifuji, and E. Ashikawa, Bull. Soc. Sci. Phot. of 
Japan, No. 3, p. 14 (Dec. 1953). 
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Fig. 9. Effect of phenylmercaptotetrazole on fog formation in a 

positive-type emulsion by a p-phenylenediamine-type developer at 

pH 12 and 75°F. Curve A, control; Curve B, 3.2 mg/liter of phenyl- 

mercaptotetrazole in developer only; Curve C, 3.2 mg/liter of phenyl- 

mercaptotetrazole in developer and presoak bath. 


is of the same order as that of silver iodide.'? When 
used in alkaline solution in sufficient quantity, this 
substance lays down a layer of the silver salt on the 
silver bromide crystal and ejects the bromide ion 
into the solution. The grains covered by this layer 
are nearly impervious to the solvent action of moder- 
ate silver halide solvent, hence the material may 
be termed an “antisolvent.’’ When used in milli- 
gram quantities in a prebath, it covers some of the 
halide surface and merely reduces solvent action. 
Examples of the effect of 3.2 mg/liter of the sub- 
stance used in the developer are shown in Fig. 9 for 
CD-3 developer and in Fig. 10 for the Metol—hydro- 
quinone developer. In these two figures also are 
shown the much greater effects when 3.2 mg/liter 


12. G.P.Faermanand A. P. Pletnev, Uspekhi Nauch. Fot., Akad. Nauk 
S.S.S.R.,5: 114 (1957). 
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Fig. 10. Effect of phenylmercaptotetrazole on fog formation in a 
positive-type emulsion by a Metol—hydroquinone developer at pH 12 
and 75°F. Curve A, control; Curve B, 3.2 mg/liter of phenylmercapto- 
tetrazole in developer only; Curve C, 3.2 mg/liter of phenylmercapto- 
tetrazole in developer and presoak bath. 
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of phenylmercaptotetrazole are used in an alkaline 
prebath as well as in the developer. The prior 
covering of the grains by the substance before de- 
velopment is more effective thaa when it adsorbs 
simultaneously with the developer. It is interest- 
ing to note that in the case of the Metol—hydro- 
quinone developer, the fog-time curve is altered in 
shape by the antisolvent. An inflection is intro- 
duced into the curve, and, in the early stages, the 
fog curve resembles the curves of latent-image de- 
velopment. This curve inflection suggests that the 
initial stages are due to the “ripening” (emulsion) 
fog, followed later by the physical component which 
increases in rate with time. The evidence thus ob- 
tained from the action of solvent and antisolvent on 
the fog, and from the corroborative evidence of elec- 
tronmicrographs that normal fog is made up of a 
filamentary, chemically developed component, and 
a secondary component due to physical development 
onto the filamentary primary component is convinc- 
ing enough so that a study of physical development 
by itself, independently of any chemical develop- 
ment, has been undertaken. 


Direct Physical Development 


The action of CD-3 developer as a pure physical 
developer was studied with Carey-Lea silver nuclei 
dispersed in plain gelatin coatings. As a source of 
silver ion, a silver thiosulfate complex ion of the 
form, Ag(S.O;)-+ , was used. The stability con- 
stant for this complex as a function of temperature 
has been given by Chateau, Hervier, and Pouradier'* 
as 


log K = — ~ + 0.510, with (2) 
_ 
= |Ag(S.O;)> (3) 


The concentration of silver ion can be fixed by 
adjusting the concentration of excess complexing 
agent. The developer solutions were prepared by 
first precipitating silver chloride from silver nitrate 
and potassium chloride in a dark bottle, 0.61 gram 
of each being used for each liter of final developer. 
After precipitation, the supernatant liquid was 
decanted and the precipitate dissolved in a solution 
containing 6.2 grams of sodium thiosulfate. This 
solution was added to a previously prepared solution 
containing 2.25 grams of CD-3 developing agent and 
50 grams of tribasic potassium phosphate. The 
combined solutions were adjusted to 1000-ml vol- 
ume, and to a pH of 12, with a few drops of sulfuric 
acid, and then used immediately for processing. 
The solutions were all prepared with distilled water 
which had been deaerated, and nitrogen-burst agita- 
tion was used in processing. ‘The concentrations of 
chemicals described gave a silver-ion concentration 
of 4 < 10~!* moles/liter at 77°F. 


13. H. Chateau, B. Hervier, and J. Pouradier, -J. chim. phys., 54: 246 
(1957). 
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Fig. 11. Direct physical development onto Carey-Lea silver nuclei by a* 
a p-phenylenediamine-type developer at pH 1 2, and silver ion concen- 


tration 4 X 107'' moles/liter. Effect of temperature on development 
rate. 


In direct physical development, the silver ion is 
the species reduced, not the silver complex. This 
fact was indicated in experiments made by James"! 
in 1941, using p-phenylenediamine, hydroquinone 
and durohydroquinone developing agents and sulfite- 
silver-ion complex. James’ result was confirmed 
in experiments preliminary to the present work, 
making use of the thiosulfate-silver ion complex. 
In the first instance, the rate of physical develop- 
ment was measured while keeping the silver-ion 
concentration constant and varying the silver- 
complex concentration. This variation is possible 
because the concentration of complex (or silver-ion) 
can be adjusted by the amount of silver salt and 
excess of complexing agent. The rate of physical 
development was found to be constant and independ- 
ent of the complex concentration. In a second 
series of experiments, the concentration of complex 
was kept constant and the concentration of silver 
ion varied. It was now found that the rate of 
physical development was proportional to the 
logarithm of the silver-ion concentration. A similar, 
but less extensive, series of experiments was made 
with the silver thiocyanate complexes, with the 
same result. The evidence seems, therefore, fairly 
conclusive that for at least three types of complex, 
the rate of physical development depends upon the 
concentration of silver ion, the complex being rela- 
tively inert, merely supplying silver ion by dissocia- 
tion. The heat of dissociation of the thiosulfate- 
silver complex is fairly high,'* of the order of 18 
kcal/mole, so that if rate of dissociation of the com- 
plex were rate-controlling, a measure of the activa- 
tion energy of physical development should yield a 
value of at least this order of magnitude. 

Experiments to determine the activation energy 
of physical development were carried out over a 
range of temperature from 60° to 86°F, with the 
silver ion held constant by adjusting the thiosulfate 
concentration in accordance with Eqs. (2) and (3). 
The coating used for these experiments contained 


14. T.H.Jdames,J. Phys. Chem., 45: 233 (1941). 


Fig. 12. Solution physical development onto Carey-Lea silver nuclei 
dispersed in an unsensitized fine-grain bromoiodide emulsion by a p- 
phenylenediamine-type developer at pH 12. Effect of temperature on 
development rate. 


15 mg of silver/sq ft as Carey-Lea silver, in 780 
mg /sq ft of gelatin. 

In Fig. 11 is plotted the silver reduced, in mg /sq ft, 
against the development time, for experiments at 
four temperatures. The rate of reduction is slightly 
greater than linear with time, showing that there is 
little dependence upon the surface of the silver. 
This result is in reasonable agreement with the work 
of Arens and Eggert," who found that the rate of 
development of silver ions depends upon the con- 
centration of nuclei and not on their size, although 
an examination of the authors’ published data indi- 
cates there may be a minor dependency on the size 
of the particles. 

The rate data of Fig. 11 can be well represented 
as straight lines by plotting y'’* against development 
time, where y is the analyzed silver in mg/sq ft. 
This fit to the data implies that the rate law being 
followed is similar to that of Eq. (1) with the expo- 
nent nequalto'/;. Rate constants for direct physical 
development were determined at four temperatures 
from 60° to 86°F and used to calculate the activation 
energy for the process. 

This value of activation energy for CD-3 developer 
is 7.5 kcal/mole. Ina previous determination of the 
activation energy for direct physical development 
by hydroquinone, James found the value 5.8 kcal/- 
mole.'* Since physical development plays a large 
part in fog formation, these low values of activation 
energy are surprising in view of the large values of 
activation energy for the over-all fog process. 

In the normal development of fog in an emulsion, 
the silver ion is not provided directly in the prepara- 
tion of the developer, but is supplied continuously 
by the solvent action of the developer or auxiliary 
solvent; or if solvent is absent, by the ordinary 
solubility of silver bromide. James and Vanselow” 


15. J. Eggert, Phot.Sci.& Eng.,1: 93 (1958). 

16. T.H.James, J. Amer. Chem. Soc.,61: 648 (1939). 

17. T. H. James and W. Vanselow, Phot. Sci. and Technique (2), 2: 
135 (1955); J. Phys. Chem.,62: 1189 (1958). 
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have devised a method for measuring the rate of 
solution of silver halide grains. They found, for 
the process of solution plus physical development 
with a Metol-ascorbic acid developer, the value of 
activation energy of 18 to 20 kcal/mole. It is there- 
fore of considerable interest to determine the activa- 
tion energy of solution physical development by 
CD-3 developer. 

The method employed was similar to that of 
James and Vanselow. The emulsion coating used 
contained 15 mg/sq ft of Carey-Lea silver dispersed 
in an unsensitized fine-grain bromoiodide positive- 
type emulsion, with a total silver content of 400 
mg/sq ft as silver halide. The developer used was 
similar to that described for direct physical develop- 
ment except that the silver ion and the thiosulfate 
were omitted and 1 gram/liter of potassium bromide 
was added. The rate of development was measured 
at five temperatures from 60° to 77°F, as shown in 
Fig. 12. As may be seen in the figure, the rate of 
solution physical development is linear with time 
during the first 16 min. As the concentration of 
available silver halide falls, in the later stages and 
at higher temperatures, the rate of development 
begins to decrease. As was the case for direct 
physical development, the variation of development 
rate with temperature can be used to calculate the 
activation energy for solution physical develop- 
ment. The value found for this activation energy, 
23 kcal/mole, is substantially higher than that for 
direct physical development, since it also includes 
the energy necessary to remove silver ion from the 
solid halide lattice. 


Discussion 


The evidence given by electronmicrographs and 
that obtained from the addition of solvent and anti- 
solvent to developer strongly suggests that normal 
fog contains a component produced by physical 
development, as well as a substrate filamentary 
component resulting from the development of grains 
containing fog centers. Swenson’ noted that x-ray 
diffraction studies do not show significant differences 
in the crystal habit of ‘‘developer” fog and image or 
“emulsion” fog. This result is in keeping with the 
view presented here that the “‘emulsion” or “‘ripen- 
ing” fog consists of filaments which form the sub- 
strate for the deposition by physical development 
of the so-called “developer” fog. However, this 
concept raises a point which may be of considerable 
consequence for our understanding of the develop- 
ment mechanism. The over-all activation energy 
for fog with CD-3 developer is of the order of 30 
kcal/mole, while the activation energy for direct 
physical development is only 7.5 kcal/mole. Even 
if the additional energy necessary for solvent action 
to supply the silver ion is taken into account, the 
activation energy of 23 kcal/mole is still consider- 
ably less than the over-all value of 30 kcal/mole for 
fog. Why should the activation energy for fog be 
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so high when a large portion of the silver is produced 
by physical development which has a much lower 
activation energy? The over-all activation energy 
must be the resultant of the contributions from a 
process of low activation energy and another process 
of very high activation energy. This concept would 
lead us to believe that the activation energy for the 
chemical development of fog centers, thereby pro- 
ducing filamentary silver, must be extremely high 
indeed, much higher than for the chemical develop- 
ment of latent image, and even in excess of the 30 
kcal/mole measured as the net activation energy for 
the over-all fog process. 

Swenson,’ in recent work with a Metol—hydro- 
quinone developer, found that the activation energy 
for “developer” fog was 28 kcal mole and much 
higher than for the “emulsion” fog. It may be 
suggested, however, that the rate of formation of 
the nuclei, that is, of the filaments, which form the 
substrate for the physical development, actually 
determines the number of nuclei and hence the rate 
of physical development in the fog process, so that 
his measurements of activation energy might have 
included the rate-determining stage of filament for- 
mation with high activation energy. 

Generally, chemical development, especially of 
latent image, is much faster than direct physical 
development. In view of a lower value of activation 
energy for physical development than for chemical 
development, the reason for the greater actual rate 
for chemical development could lie in the greater 
concentration of silver ion available in the solid 
halide lattice than can usually be provided in the 
solution phase by solvent action for physical develop- 
ment. 

It was pointed out earlier that the difference in 
the discrimination between image and fog by Metol— 
hydroquinone and p-phenylenediamine-type devel- 
oper might be the result of a difference in the fog 
mechanism of the two developers. The p-phenylene- 
diamine-type developers are themselves solvents for 
silver halide while Metol and hydroquinone are not. 
This solvent action by the low-potential p-pheny- 
lenediamine-type developers enhances their ability 
to supply silver ion for physical development onto 
the fog filamentary silver, but it does not appreciably 
contribute to any increase in the rate of image devel- 
opment, which therefore always falls behind the 
more active Metol—hydroquinone developer. The 
p-phenylendiamine-type developer thus suffers in 
comparison with the Metol—hydroquinone developer 
which is a poor solvent but a very active developer. 
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High-Speed Cinemicrography of Electrically 
Exploded Tungsten and Molybdenum Wires 


L. ZERNOW, G. WOFFINDEN, AND K. N. KREYENHAGEN, Aerojet-General Corp., Downey, Calif. 


Cinemicrographic observations of electrically exploded tungsten and molybdenum wires, having 
diameters of 1 to 34 mils, have been carried out at framing rates up to 1.2 X 10° frames/sec 


and magnifications of about 25 X. 


Both undulant and striated breakup modes were observed. 


The growth of vapor bubbles inside the molten wire is an important factor in the striated breakup 


mode. 


Cinemicrography is the name commonly applied 
to the technique combining motion picture pho- 
tography (cinematography) and microscopy. Al- 
though it is not a new technique, '»? the development 
of modern ultrahigh-speed framing cameras has 
made possible the useful application of cinemicrog- 
raphy to high-speed, short-duration events which 
were beyond the limits of slower framing cameras. 
The exploding wire phenomenon, which is observed 
when an electrically charged condenser is discharged 
through a fine metallic wire, provides the kind of 
event which is usefully studied by means of high- 
speed cinemicrography. Surprisingly, relatively lit- 
tle use of this technique for the study of exploding 
wires has been reported. Some incidental observa- 
tions of melting wires were made by Yoffe in con- 
nection with studies of the ignition of explosives. 
These were reported by Courtney-Pratt* who de- 
vised the lenticular lens cinemicroscope used by 
Yoffe. Somewhat more extensive work has been 
reported by Zernow and Hauver‘ who first applied 
the ultrahigh-speed framing camera capable of more 
than 10° frames/sec to the cinemicroscopic observa- 
tion of exploding wires. More recently Zernow and 
Woffinden® have reported further observations 
made with this technique. It is the purpose of this 
paper to comment briefly on the advantages and 
limitations of the technique, to illustrate the explod- 
ing wire observations and to discuss these observa- 
tions in the light of theoretical and experimental 
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data obtained by other observers with other optical 
observational techniques. 


Discussion of Cinemicrographic Technique 


Cinemicrography can normally be carried out 
either with a framing camera,‘ or with a repetitively 
pulsed light source.' In systems of low framing 
rate, the film can readily be moved at speeds neces- 
sary for frame separation. In  ultrahigh-speed 
framing cameras, a rotating mirror normally sweeps 
the image over stationary film. A very clever 
method of achieving effective frame separation with 
stationary film and without a rotating mirror was 
described by Froome.? He observed ‘‘cathode spots” 
in an electrical discharge by means of a Kerr Cell 
shutter, but used the mobility of the ‘“‘cathode spots” 
under the influence of an intense external magnetic 
field to obtain the equivalent of frame separation. 
The magnification obtained from the microscope 
provides some advantages as well as some dis- 
advantages. The major advantage, obviously, is 
the possibility of observing microscopic details of 
the event not normally seen without magnification. 

However, the penalties that must be paid for 
increasing magnification are fairly severe. As the 
magnification increases, the field of view becomes 
smaller. This tends to restrict the application of 
the technique to events whose spatial extent is 
consistent with the field of view. In addition, 
this restriction makes it advantageous to use the 
least magnification consistent with the nature of the 
fine detail desired 

The depth of field decreases as the magnification 
increases, and hence the event must not move very 
far in the direction of the optical axis if blurring due 
to defocussing is to be avoided. 

Finally, geometrical magnification carries with 


it the effect of velocity magnification, since the image 


velocity on the film is the product of the true veloc- 
ity of the event in the image plane and the magni- 
fication. Thus, a shock wave moving at 10,000 
ft/sec in the image plane would cast an image 
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moving at 250,000 ft/sec when viewed at 25x 
magnification. It is thus easy to see why an ultra- 
high-speed framing camera is a necessity when 
studying high-velocity phenomena. 

Self-luminous phenomena, such as sparks and 
exploding wires, simplify the observational problem 
considerably. However, for non-self-luminous 
events, external light sources can readily be syn- 
chronized to provide either reflective illumination 
or back illumination for shadowgraphic observation. 
The exploding wire itself is often used as a light 
source for backlighting.*® 

Where the event is accompanied by relatively 
violent consequences, it is sometimes necessary 
to protect the microscope objective from harm, 
since its separation from the event normally decreases 
as the magnification increases. This can be handled 
in several ways: 

(1) Special lens designs can be used to increase 
the separation between front lens surface and ob- 
ject. 

(2) Covering the objective lens with a trans- 
parent protective shield will often be satisfactory. 
(3) An auxiliary relay lens can be used to cast 
an image of the event. The image, rather than the 
event itself, is then viewed by the microscope 
objective. 


6. Wm.G. Chace, Physics of Fluids, 2: 230 (1959). 
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Fig. 1. Microscope mounted on high-speed camera. 


Methods (1) and (2) are suitable for events en- 
tailing moderate violence only. For very violent 
events such as those involving sizeable amounts 
of explosives it is clearly necessary to use Method 
(3). In this case the relay lens quality is of major 
importance. 

In the case of self-luminous events, the luminosity 
may continue long enough to cause rewrite difficul- 
ties as the rotating mirror on the framing camera 
sweeps through successive turns. This is definitely 
a problem in the study of exploding wires. A 
capping shutter of the type first proposed by Edger- 
ton and Strabala’ has been found to be very con- 
venient, since it serves also as a protective shield 
in front of the objective lens. The capping shutter 
contains a 5-mil lead wire which, by means of a 
condenser discharge, is vaporized to form an opaque 
coating on a glass plate. This shutter goes from 
full open to full closed in about 30 usec and is there- 
fore very easy to synchronize. Other capping 
shutters which can be used include the so-called 
blast shutters in which an explosive charge is used 
to introduce opacity into a glass or a plastic plate 
by fracturing it. We have found the lead-wire 
shutter to be much more convenient, safer, and 
much less noisy than the blast shutter. Proper 
ventilation for the lead fumes from the lead-wire 
shutter is of course necessary. 


7. H. E. Edgerton and F. I. Strabala, Rev. Sci. Inst., 27: 162 (1956). 
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Fig. 3. Exploding tungsten wire; diameter, 0.001 in.; energy source, 
+ Exploding tungsten wire; diameter, 0.001 in.; energy source, 2 uf at 3800 v; camera speed, 125,000 frames/sec. 
2 uf at 3000 v- camera speed, 125,000 frames/sec. 


¢ 


Fig. 4. Exploding tungsten wire; diameter, 0.003 in.; energy source, Fig. 5. Exploding tungsten wire; diameter, 0.002 in.; energy source, 
2 uf at 4100 v; camera speed, 125,000 frames/sec. 2 uf at 2000 v; camera speed, 250,000 frames/sec. 
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Fig. 7. Exploding tungsten wire; ter, 0.003 in.; energy source, 
2 uf at 5000 v; camera speed, 125,000 frames/sec. 


Fig. 6. Exploding tungsten wire; diameter, 0.002 in.; energy source, 
2 uf at 3500 v; camera speed, 625,000 frames/sec. 


Fig. 8. Exploding molybdenum wire; diameter, 0.0035 in.; energy Fig. 9. Exploding molybdenum wire; diameter, 0.0035 in.; energy 
source, 2 uf at 1500 v; camera speed, 125,000 frames/sec. source, 2 uf at 2000 v; camera speed, 125,000 frames/sec. 
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Fig. 10. Exploding molybdenum wire; diameter, 0.0035 in.; energy 
source, 2 uf at 2050 v; camera speed, 125,000 frames/sec. 


Discussion of the Exploding Wire Observations 


In a recent paper on the liquid behavior of explod- 
ing wires, Chace’ has contended on the basis of 
his observations with a Faraday shutter that the 
“unduloid theory” of Kleen* is not applicable to 
the exploding wire problem. In fact, Chace states 
that ‘‘it will be shown that the formation of unduloids 
is highly improbable if not impossible.” 

Kleen proposed his “unduloid theory”’ as a basis 
for explaining the striated pattern obtained when 
observing an exploding wire. According to Kleen’s 
theory, the molten wire is unstable and in accord- 
ance with the work of Plateau’ and Rayleigh” 
should first form an unduloid shape and _ finally 
break up into individual droplets. Kleen proposed 
that the unduloid shape resulted in higher resistance 
in the constricted portions. The heating rate was 
therefore expected to be greater in the constricted 
area. Kleen suggested that the resulting higher 
evaporation rate in the constricted area was re- 
sponsible for the formation of the striations. 

The exploding wire observations which will be 
described indicate that neither Chace nor Kleen 
are entirely correct. Although Kleen’s unduloid 
hypothesis does appear to be verified under some 
conditions of our experiment his proposed mechanism 
for striation formation does not appear to be correct 


8. Werner Kleen, Ann.d. Phys.,2: 579 (1931). 
9. J. Plateau, Reports Smithsonian Inst., 207 (1864) and 285 (1865). 
10. Lord Rayleigh, Proc. Math. Soc. (London),10: 4 (1878). 


HIGH-SPEED CINEMICROGRAPHY OF EXPLODING WIRES 35 


Fig. 11. Exploding molybdenum wire; diameter, 0.0035 in.; energy 
source, 2 uf at 2500 v; camera speed, 125,000 frames/sec. 


for either tungsten or molybdenum wire under our 
experimental conditions. Instead, a mechanism 
involving the interaction of adjacent bubble-like 
formations is clearly seen to be responsible for the 
formation of striations under our experimental 
conditions. It is important to stress the experi- 
mental conditions because these unfortunately vary 
rather widely among the various experimenters. 

Our experiments were carried out with tungsten 
and molybdenum wires. The tungsten wires were 
either 0.001, 0.002, or 0.003 in. in diameter. The 
molybdenum wires were 0.0035 in. in diameter. 
The wires were mounted in a coaxial holder which 
in turn was mounted on the movable stage of a 
microscope. The microscope was substituted for 
the objective lens in a rotating-mirror framing 
camera (Beckman & Whitley Model 189) so that 
the magnified image was cast on the face of the 
mirror. A 2-uf condenser charged to various 
voltages between 1000 and 5000 v was discharged 
through the wire by means of a thyratron switching 
circuit. A view of the experimental set-up is shown 
in Fig. 1. The magnification was adjusted to 
about 25x. Camera framing rates were varied 
between 125,000 frames/sec and 1.2 x 10° frames/- 
sec. The lower and intermediate framing rates 
appeared most useful in the analysis of the par- 
ticular aspects discussed in this paper. 

The best illustration of the formation of unduloids 
and subsequent breakup into droplets is found in 
the observations made with the 0.001-in. diameter 
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tungsten wires. Figures 2 and 3 are good examples 
of this behavior which is clearly in accordance with 
the general requirements of Kleen’s theory. In 
fact, careful examination particularly of Fig. 3 
indicates the formation of an initial widely spaced 
unduloid system followed by a build-up of secondary 
unduloids between the primary ones. It is interest- 
ing to note that the primary unduloid system appears 
to be more widely spaced than those predicted by 
Kleen on the basis of his analysis of other wire 
materials. Kleen, however, did predict the forma- 
tion of both primary and secondary unduloids; 
but since the spacing of the unduloids is dependent 
upon the wire material, this deviation is not properly 
considered to indicate a defect in Kleen’s theory. 

Figures 4 and 5 show the behavior of a 0.003-in. 
diameter and a 0.002-in. diameter tungsten wire. 
These again show the formation of a primary undu- 
loid system with very little evidence of secondary 
unduloid formation in Fig. 4. The process proceeds 
more slowly, and at increased voltage, for the larger 
wire diameter. 

It is evident then, that unduloid formation and 
breakup can and do occur under our experimental 
conditions. The formation of a striated system 
as the energy increases is best illustrated by Figs. 
6 and 7. In Fig. 6, the interaction process between 
two bubble-like formations is shown to form a 
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central striated layer almost exactly perpendicular 
to the wire axis. Two other layers, one on each 
side of the central striation but not as well formed, 
are also visible. In Fig. 7, we can see the interac- 
tion of many bubble-like formations and the sub- 
sequent generation of many striations. Figures 
8, 9, 10, and 11 show the formation of unduloids 
and the transition to the formation of striations in 
molybdenum wire. The energy levels for the corre- 
sponding behavior of the molybdenum is clearly 
reduced. This would be expected from the lower 
melting point, compared to tungsten. 

The origin of the bubble-like formations on the 
tungsten and molybdenum wire is by no means 
clear at this time and although several hypotheses 
have been proposed, none of them has been verified. 


Summary 


The cinemicrographic technique has been shown 
to be capable of obtaining otherwise inaccessible 
information. In addition it has been shown that, 
in tungsten and molybdenum, unduloid formation and 
droplet breakup can occur, and that the formation 
of striations is related to the interaction of bubble- 
like formations on the wire rather than to increased 
evaporation rates in the constricted area of the 
undulations. 
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High-Resolution Xerography by Aerosol Development 


J.T. BickmoreE, M. Levy, AND J. HALL, Research Laboratories, Haloid Xerox Inc., Rochester, N.Y. 


Resolutions in excess of 100 line-pairs/mm can be obtained by several different xerographic 
techniques. This paper discusses studies on aerosol development of selenium photoconductors. 
Image resolution, density, and general quality were determined as functions of process param- 
eters. The charged selenium plate was contact exposed to a reduced parallel-line test chart. 
The xerographic plate was then developed by passing an aerosol containing fine charged de- 
veloper particles between the xerographic plate and a closely-spaced conductive elec- 
trode parallel to the xerographic plate. Important process parameters were found to 
include the relationship between developer powder charge and xerographic plate charge, de- 
velopment time, aerosol concentration, and the potential of the development electrode relative to 


the xerographic plate. The period between exposure of the charged photoconductor and de- 
velopment could be prolonged for 30 min or longer with no resolution loss. Resolutions in the 
range from 140 to 200 lines/mm were readily obtained. No indications were found that the 
selenium plate itself imposed a limit on resolution. 


The immediate objective of the work reported here 
was to determine the resolution capability of 
selenium xerographic plates combined with conven- 
tional areosol development. An attempt was made 
to determine the effect of various process parameters 
on image resolution, image density, image uniform- 
ity, and general quality. It was also of interest to 
determine if a fundamental resolution limit existed 
directly due to the selenium photoconductor. Asa 
by-product of these studies it is possible to abstract 
general data of fundamental usefulness in xerog- 
raphy. These data, along with practical results, 
are discussed. 


Experimental Methods 


The experimental equipment utilized in the work 
reported here is similar to that described previ- 
ously.'~* The xerographic plate, consisting of a 
photoconductive layer of vitreous selenium de- 
posited on a conductive backing, was sensitized by 
charging the selenium layer to a uniform potential. 
The charged xerographic plate was exposed by con- 
tact in a vacuum frame to a special resolution target 
which was made by the Bell & Howell Company. 
This target consisted of six reduced National Bureau 
of Standards parallel-line resolution charts, each 
with groups from 17.5 to 280 line-pairs/mm, ar- 
ranged on a clear rectangular background roughly 
1 by 2 mm. A dark area 6 mm in diameter sur- 
rounded the rectangle. An opaque test disc roughly 
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9 mm in diameter located adjacent to the resolution 
target was exposed at the same time as the resolution 
test target to provide an area comparable to the 
resolution target for electrometer or densitometer 
measurements. The location of these elements is 
illustrated in Fig. 1. An electrometer was used to 
measure the potential on the plate without disturbing 
the electrostatic image. This instrument has a 
resolution of about 6 mm and an accuracy of about 

After charging and exposure, the xerographic 
plate was developed by passing an aerosol containing 
fine charged developer particles between the xero- 
graphic plate and a closely spaced conductive elec- 
trode. The developer particles, sometimes referred 
to as ‘“‘toner,”’ are a carbon material with 80% of the 
particles lying between 0.1 and 0.8 uw diameter. 
Toner particles were fed into a moving air stream by 
an aerosol generator and then transported via a 
small bore tube to the development electrode. 
Figure 2 is a schematic drawing of the development 
system. 

After development, the image could be examined 
on the xerographic plate with a vertically illumi- 
nated metallurgical microscope. Images were pre- 
served by making photomicrographs and/or by 
transferring the toner to moistened gelatin-coated 
paper, as previously described. 


Results 


Figure 3 shows photomicrographs of one section 
of the resolution test target and a xerographic image 
of the same area developed under optimum condi- 
tions. The number of line-pairs per millimeter is 
equal to 5 times the numbers adjacent to each line 
group. It is seen that the 140-lines/mm group is 
clearly resolved. The 200-lines/mm group is suffi- 
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Fig. 1. Location of resolution test target and test disc on xerographic 
plate. The test disc is an opaque circle, contact exposed at the same 
time as the resolution test target to provide an unexposed area for 
electrometer and optical density measurements. 


ciently well resolved to allow the lines to be counted; 
this value is taken as the maximum resolution. The 
conditions under which this xerographic image can 
be repeatedly reproduced will be used as a “‘bench 
mark”’ in the material to follow. The remainder 
of this article deals with the effects of various process 
parameters. 
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Fig. 2. Cross-sectional view of the development system. Aerosol from 
the aerosol generator passes through the space between the xero- 
graphic plate and a closely-spaced, parallel, conductive, development 
electrode. 


Effect of Development Bias Potential 


In a development apparatus of the type shown in 
Fig. 2, the aerosol enters the space between the 
development electrode at one end of the plate and 
travels the full length of the plate before it leaves 
the development zone. Under these conditions, flow 
can be made laminar. There is no component of 


Fig. 3. Left, photomicrograph of one section of the resolution test target; right, photomicrograph of a xerographic image of the target under optimum 
development conditions. Each small division of the scale in the upper part of the test-subject image equals 0.01 mm. The number of line-pairs per 
millimeter equals 5 times the numbers adjacent to each group. The 200-lines/mm group, second from the top, is just resolved in the xerographic image. 


NOTE: The resolution in this and other figures is better in the original prints than in reproduction by halftone engraving. 
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Fig. 4. Left, photomicrograph of image developed with zero bias potential; right, photomicrograph of image developed with development electrode 
bias potential of 15 v. The bias potential maintains a layer of toner of the proper polarity in the development zone near enough to the xerographic 
plate to be effective in developing small images. Aerosol passes from bottom to top of illustration. Note that development is fairly complete near the 
bottom of the zero bias image but becomes progressively less complete toward the top of the image. This is presumably because the field from the sur- 
rounding dark area creates a layer of toner but this layer is not maintained as the aerosol passes over light areas of the image. Note also the dark 
vertical streaks near the edge of the image. These and the dark area at the top are evidently developed with toner of polarity opposite to that which 
developed the image. 


velocity normal to the plate surface. Consequently, 
the tendency for developer particles to strike the 
plate irrespective of electrostatic fields is low, and 
very low minimum densities can be achieved under 
some conditions. This advantage, however, is 
largely lost in many cases because, without intro- 
ducing electrical fields in the development zone, 
the developer particles may flow through the de- 
velopment space too far away from the electrostatic 
image to be effective in development. The carbon 
aerosols used for this work contain approximately 
the same number of positive and negative particles. 
With no electrostatic fields present in the de- 
velopment zone, a roughly uniform distribution of 
particles would be expected. Only a small frac- 
tion of the particles passing through the develop- 
ment space would be close enough to the plate to 
develop an isolated image such as a black dot sur- 
rounded by a white area; and, of the particles close 
to the plate, both polarities would be present. 

The above considerations point up the difference 
between the development of ordinary continuous- 


tone images and the development of line copy docu- 
ments or ordinary resolution test charts. In the 
former, large areas which are discharged completely 
are infrequently encountered, whereas such areas are 
usual in the latter. In the latter case, adjustment of 
the development electrode to a potential equal to the 
exposed areas of the xerographic plate leads to a 
situation in which the aerosol in the development 
zone is not sufficiently polarized to maintain a high 
concentration of developer particles of the proper 
polarity near the xerographic plate. The result is 
incomplete development of edges, and a tendency 
for powder opposite in polarity to that which de- 
velops the image to deposit on the uncharged areas 
adjacent to the charged areas. 

To minimize these effects, a development bias 
potential, connected in such a way as to maintain a 
small field across the development space in all areas, 
was applied between the conductive backing of the 
xerographic plate and the development electrode. 
Thus, with positive plate charging, the back of the 
xerographic plate was made positive with respect to 
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the development electrode. Potentials of less than 
about 10 v resulted in incomplete images and spuri- 
ous development. Potentials of 10 to 20 v usually 
led to complete development with tolerable back- 
ground densities. Potentials higher than 20 v gen- 
erally gave increased background with little or no 
improvement in image completeness. In Fig. 4, 
two transferred images are compared, one made 
with zero bias potential, the other with 15 v bias 
potential. Other conditions were identical: 114 
v initial plate potential, and 1.5 min development 
time. 


Kinetics of Development 


Certain parameters which can be calculated from 
electrometer and densitometer measurements are 
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useful in inferring the mechanism of xerographic 
development. These parameters include specific 
toner charge, degree of electrostatic image neutral- 
ization, and the development rate. The following 
discussion concerns variations of these parameters 
with development time. 

Data were obtained from images of the resolution 
test chart developed for various lengths of time. 
Development conditions were kept constant at an 
aerosol concentration identical to that used for the 
standard image. Shown in Fig. 5 are photomicro- 
graphs of a representative section of these images. 

Short development times are seen to lead to only 
partial development. Isolated image areas with no 
charged areas preceding them upstream are, in 
general, developed last. Note the indentation in 
the vertical 17.5-lines'mm group developed for 30 


ty 


| 


a ‘ 
el 


is 


Fig. 5. Photomicrographs of images developed for various lengths of time: top row, left to right, 15 sec, 30 sec, 45 sec; bottom row, left to right, 60 
sec, 75 sec, 90 sec. Aerosol passes from bottom to top of illustration. The images are seen to develop first in areas that are “downstream” from ad- 
jacent charged areas; only the images developed to near-complete neutralization of initial charge are completely developed. Some distortion can 
be observed in the line groups in the central region of each image. This distortion, which is not important for the present discussion, was caused by in- 
advertently positioning the resolution test target emulsion-side away from the selenium layer. 
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Fig. 6. Specific toner charge as a function of development time. As 
development fields decrease because of the deposition of charged 
toner, a larger fraction of the more highly charged toner is deposited. 


sec which is adjacent to the space between the hori- 
zontal group. Orientation of the image in the 
aerosol stream, and the position of relatively small 
areas of charge adjacent to large areas of charge, 
can also affect the degree of development. 

Table I lists measurements of xerographic plate 
potential and transferred image reflection density 
for the images shown in Fig. 5. Potential drop on 
the xerographic plate due to the natural discharge 
of the plate in the dark was generally less than 10 v 
for full plate charge during the time necessary to 
develop. In the discussion to follow, potential drop 
due to dark decay will be neglected. 

In order to compute the specific toner charge, it 
is convenient to regard the xerographic plate as a 
parallel-plate capacitor. The change in plate po- 
tential, AV, due to the deposition of charged toner 
can be measured with an electrometer. By assuming 
that the toner lies in a plane at the surface of the 
plate, the charge per unit area of toner can be 
computed from the relationship 


Q = CAV (1) 


where C is the capacitance per unit area of the 
selenium film. The specific toner charge can be 
determined if the mass per unit area is known. 
Mass per unit area can be determined accurately 
enough for the present purpose from the reflection 
density of a transferred and fixed print. In the 
reflection density range from 0 to 2, density is 
approximately a linear function of mass per unit area; 
typically 40 ug/sq cm yields a reflection density of 
about 1. 

Taking the capacitance of the xerographic plate as 
100 puf/sq cm, and utilizing the reflection density 
per mass per unit area value from above, one can 
show that the specific powder charge is equal to 

V Va 


a5 


D pcoulombs/gram, (2) 


where V is the plate potential before development, 
Vz is the plate potential after development, and D 
is the reflection density. The specific toner charge 
on the test disc, calculated from data of Table I, is 


TABLE | 
Potentials and Densities of Images 
Developed for Various Lengths of Time 


De- Spot — Unexposed Exposed (Background) 

velop- V V V V 

ment before after before after 

time, devel- devel- Den- devel- devel- Den- 
sec opment opment sity opment opment sity 
15 122 94 0.66 0 —-1 0.12 
30 118 51 0.95 0 —2 .16 
45 123 33 1.18 0 —5 .20 
60 128 20 1.30 0 —5 .20 
75 118 9 1.32 0 —4 .24 

1 


90 128 1 .49 0 —9 .25 


plotted in Fig. 6. It is interesting to note that the 
average specific toner charge increases with de- 
velopment time. This must mean that a larger 
fraction of the more highly charged toner is utilized 
in development as the development fields decrease. 
The fraction of the charge on the xerographic plate 
neutralized by development is defined by, 
d 


fractional neutralization = Vai, 


(3) 


The bias potential, V,, enters into this relationship 
because the potentials of interest are those in the 
development zone. 

Values of fractional neutralization for different 
development times, calculated from the data of 
Table I, are plotted in Fig. 7. Comparing these 
values of fractional neutralization with the resolu- 
tion charts in Fig. 5, one sees that the images are 
relatively complete only when the fractional neu- 
tralization is about 0.8 or higher. 

Finally, consider the rate of decrease of plate 
potential during development. ‘The decrease might 
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Fig. 7. The fraction of the initial electrostatic development field in the 
development zone, (V—V,)/(V + V;,), neutralized by deposition of 
charged toner. The fraction of the initial electrostatic field in the de- 
velopment zone neutralized by deposition of powder approaches unity 
for extended development times. 
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be expected to be a linear function of the potential 
difference in the development zone, that is: 


— (4) 


where & is a constant and V, is the potential difference 
between the xerographic plate and the development 
electrode after t seconds development. Integrating 
(4) and noting that V. = V + V, at t = O and 
V. = Va + V, at t = T, where T is the total devel- 
opment time, we have: 


—log = AT (5) 
b 


The quantity on the left side of the equation should 
yield a straight line when plotted against develop- 
ment time. Figure 8 shows the test disc data of 
Table I plotted in this manner. It is seen that these 
data agree rather well with Eq. (5). 

It is interesting to note that Eq. (5) implies that 
the densities of various parts of a continuous-tone 
image should hold a fixed ratio to one another re- 
gardless of the degree of development (assuming 
the specific toner charge remains constant). This is, 
in fact, almost true for practical purposes, and 
continuous-tone prints are often developed only 
until roughly one-half neutralized. The data in 
this section show clearly, however, that near-com- 
plete development results in the most faithful 
reproduction and that development speed can be 
obtained with incomplete neutralization only at 
the expense of image accuracy. 


Density of Images Transferred to 
Gelatin-Coated Paper 


Viewed under a microscope, xerographic images 
transferred to gelatin-coated paper and viewed with 
oblique lighting show less apparent contrast than 
when viewed directly on the selenium plate with 
vertical lighting. The transferred images lose 
little, if any, resolution, however. On the basis of 
the subjective judgment of several observers, the 
density of the larger lines in the chart (up to 100- 
lines/mm resolution) is considered to be about equal 
to that of the surrounding circle. Higher resolution 
lines appear less dense, perhaps by a factor of 2. 
The density of the surrounding circle was generally 
in the range between about 1.3 and 1.6. Reflection 
densities of over 2 could be obtained in the sur- 
rounding circle by means of higher potentials than 
normally used, but the maximum resolution of the 
transferred image decreased to about 100 lines/mm. 


Effect of Aerosol Concentration 


All the work reported up to this point was per- 
formed at an aerosol concentration of about 8.7 x 
10~* grams of toner per liter. Under these condi- 
tions, optimum development of the resolution test 
target required 1 to 2 min. It was found that in- 
creasing the aerosol concentration roughly 100 fold 


PS & E, Vol. 4, 1960 


1.204 
1.00} 
0.80} 
2 
0.604 
>|> 
0404 
0.20 


20 40 60 80 750 
DEVELOPMENT TIME (SECONDS) 


Fig. 8. Variation of the function —logiy|(V + V,)/ (V+ V,)] with de- 
velopment time. (V, + V,)/(V + V,) is the ratio of the electrostatic field 
in the development zone after development to the initial electrostatic 
field before development. Linearity of this relationship implies that the 
rate of potential decrease in development is proportional to the electro- 
static field in the development zone. 


had surprisingly little effect upon the development 
time required to obtain adequate image densities. 
For example, a }-min development at 1300 x 
grams/liter aerosol concentration produced images 
of lower density than many images produced in 1 
min at normal aerosol concentration. This is con- 
trary to experience with macro-image development, 
where development time is a function of aerosol 
concentration. More serious was the fact that all 
resolution chart images produced at the high aerosol 
concentrations were of poorer quality, containing 
missing or incomplete sections, high minimum 
densities, streaks, and combinations of these effects. 

It was also observed that specific powder charge 
decreases with increased aerosol concentrations. 
Table II shows measurements of the specific powder 
charge measured on the test disc under conditions 
which resulted in optimum development of the reso- 
lution chart images at various aerosol concentra- 
tions. Additional investigation is required to ex- 
plain the effects observed at higher aerosol concen- 
trations. It is likely that space charge of the aerosol 
in the development zone may be an important factor 
in these effects. 


TABLE Il 


Specific Toner Charge 
as a Function of Aerosol Concentration 


Aerosol Specific 


concentration, charge, 
grams /liter microcoulombs/gram 
x 10-* 250 

560 x 107: 100 


1300 x 60 


/ 
4 
eg 
a 
a 


PS & E, Vol. 4, 1960 HIGH-RESOLUTION XEROGRAPHY BY AEROSOL DEVELOPMENT 43 


Uncharged-Area Development 


A relatively small number of prints of the resolu - 
tion target were made by uncharged-area develop- 
ment. In contrast to the development method 
described above, powder can be caused to deposit 
in the exposed areas of the plate to give a negative- 
to-positive reproduction. In this case, the electrode 
bias potential was adjusted to be about 10 to 20 v 
higher than the highest potential remaining on the 
plate after exposure. Under this condition, pow- 
der of the same polarity as the plate charge is de- 
posited in exposed areas. Again a maximum reso- 
lution of 200 lines;mm was obtained. Image den- 
sity was somewhat poorer than with the _ best 
charged-area samples. It is assumed that addi- 
tional work would show that results comparable 
with charged-area development are obtained when 
all development parameters are optimized. 


Resolution Loss Because of 
Lateral Conductivity of Selenium Plate 


Simple calculation shows that extremely high 
electrostatic fields exist between the adjacent lines 
of a latent electrostatic image of a resolution test 
chart. It might be supposed, therefore, that loss 
of resolution would occur because of lateral dis- 
charge along the surface of the selenium plate. 
Assuming that the extent of such discharge would 
increase with time, an attempt was made to detect 
resolution loss by extending the period between 
exposure and development. Selenium plates were 
charged to about 130 v, exposed, and allowed to 
remain in the dark for various periods up to 45 min. 
The fall in potential due to dark decay was roughly 
10 v in the first 30 min. After the dark period, the 
plates were developed under optimum conditions 
and compared to a plate developed in the same 
manner as soon after exposure as possible (1.5 min 


between exposure and the beginning of develop- 
ment). Minor differences were noted between the 
images, principally a small loss of reflection density 
with time, but each of the images contained a max- 
imum resolution of 200 lines mm. It must, there- 
fore, be concluded either that any resolution loss 
due to lateral conductivity occurs almost entirely 
within 1.5 min after exposure, or, more probably, 
that loses due to dark periods less than 45 min are 
negligible. 


Conclusions 


The fact that the period between exposure and 
development can be prolonged with no loss in reso- 
lution at 200 lines/mm strongly suggests that the 
resolution of the latent electrostatic image on the 
selenium xerographic plate may be extremely high. 
It is clear that special development techniques will 
be required to demonstrate these resolutions. The 
aerosol system of development, although possessing 
certain obvious disadvantages, may be the most 
convenient tool for continuing an investigation of 
high-resolution xerography. The quantitative tech- 
niques described in this article should be of assist- 
ance in such a study. 
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A Sensitometric Method for Measuring the 


Masking Effect of Dodging Printers 


Kar. LEIstTNER, U.S. Army Signal Research and Development Laboratory, Fort Monmouth, N.-J. 


The sensitometric basis of dodged printing is discussed. A method for finding the ‘masking co- 
efficient” from purely photographic data is shown, as well as a method for graphical presenta- 
tion of the process, using a modification of Jones's diagram of tone reproduction. Some im- 
plications of the addition of local, small-area contrast control to automatic dodging are dis- 


cussed. 


In a recent report, Blackmer and Marchant! 
analyzed the principles of feedback scanning printers 
with particular emphasis on the electric parameters. 
They have derived a quantitative criterion of the 
effectiveness of such a printer by measuring the 
output of the photomultiplier. 

The average user of dodging printers will not be 
able to follow this procedure for evaluating his 
equipment. Also, the manufacturer will probably dis- 
courage it by disclaiming any responsibility for the 
performance of the equipment after such an opera- 
tion. 

It appears desirable, therefore, to have a method 
based on only photographic data which can be ob- 
tained during the normal operation of the equipment. 
Such a method will permit evaluating printers 
which are based on the quenching of ultraviolet- 
incited phosphors by infrared radiation, transmitted 
through the printing paper and the negative. 
Furthermore, it appears desirable to present the 
dodging characteristics graphically in such a way 
that the graph can be combined with the D-log E 
curves of the negative material and the paper to 
yield the tone reproduction curve in a manner simi- 
lar to Jones’s? method. 

If a step wedge is printed with varying degrees of 
dodging, a set of curves is obtained as shown in 
Fig. 1. Occasionally these curves are misinterpreted 
as meaning that the D-log E curve of the paper 
has been changed by the dodging. The fallacy 
becomes clear when we realize that the curves are 
merely plots of density vs log transparency of the 
steps. Only if the illumination impinging on the 
back of the wedge is uniform during the exposure 
can this log transparency (plus a certain constant) 
be equated with log exposure. It is the main charac- 
teristic of dodging, however, that either the illumi- 
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nation or the exposure time, cs both, are not uniform 
for all areas of the negative. Actually, when 
dodging is applied, a given density on the paper 
will be produced by the same exposure as without 
dodging, but the exposure will occur at a different 
cross section of the step wedge. And this shift, 
together with the known densities of the wedge, 
can be used for measuring the characteristics of the 
dodging equipment. 

In Fig. 2, the interrelationship between the ex- 
posure effective on the paper (log Ep), the density 
of the negative (Dy), and the amount of light im- 
pinging on the back of the negative (Ay = iy 
x t) are shown for the conventional case and for 
dodging. It is seen from this otherwise self-explana- 
tory figure that a numerical measure of the dodging 
effect will be obtained when we establish the values 
of the function ce = f(D,y). Blackmer and Marchant 
have done this for a closely related function by 
measuring the output of the photomultiplier. The 
values of the above function can be derived from the 
curves of Fig. 1. 


Experimental Procedure 


A few remarks concerning the technique of expos- 
ing samples for obtaining these curves are in order 
at this point. 

In the case of a phosphor-type printer, successive 
prints of the step wedge can be made, without dodg- 
ing and with increasing amounts of dodging, on the 
same sheet of paper. The size of the individual 
steps of the wedge is immaterial, since the effect 
is nearly independent of the area of the detail. To 
prevent possible small intensity variations of the 
printing light from having an effect on the densities 
of consecutive prints, a no-dodge print can be 
made simultaneously with a dodged one by covering 
the paper along half of the step wedge with a thin 
metal foil, to keep the quenching infrared radiation 
from reaching the phosphor on that half of the 
wedge. 

In the case of the feedback scanning printer, a 
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- NO DODGE 


MEDIUM 


HIGH DODGE 


D’ D 
Nx Nx 
INCREAS’G Dy DECREAS’G 
Fig. 1. Dyaper VS Dstep wedge Curves Of paper, printed without and with 


different amounts of dodging. 


special step wedge must be used with steps wider 
than the diameter of the scanning spot; and the 
total width of the step tablet must be sufficient to 
give the fast traveling spot time to adjust to the 
feedback signal. Hardly more than two strips 
will be exposed on an 8- by 10-in. sheet; and only 
the center portion of each half should be used for 
measuring the densities. If several sheets are 
exposed they must be developed simultaneously for 
the same length of time. 

The curves of print density vs wedge density for 
no-dodge and dodged prints are plotted in one com- 
mon diagram and are evaluated as shown in Fig. 1, 
thus: 

For a given wedge density, D,y., the print density 
of the dodged print, D,., is found as well as the 
point on the no-dodge curve which has the same 
density, D,.. This latter point was produced 
behind wedge density, D’,,, when printing was done 
without dodging. The difference, Dy, — D'yz, 
is the value of log c for this particular value of Dy. 


N 2.0 1.0 
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Fig. 3. Sample curves of Deg vs log dodging coefficient. 
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PRINTING PROCESSES 


CONVENTIONAL DODGING 
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Fig. 2. Schematic representation of conventional printing process and 
dodging. 


(Note that it has a negative sign.) A plot of log c 
vs Dy for all values of Dy represents the desired 
function, log c = f’ (Dy). This is shown in Fig. 3 
for the curves of Fig. 1. From it, Blackmer and 


Marchant’s! ‘“‘masking coefficient,”’ = can 
] —] 
be derived. It equals1 — ae = i.e. (1 — 
Dy, Dye 


the gradient of the curve). Since, in Black- 
mer and Marchant’s terminology, 100 (1 — masking 
coefficient) equals the percentage figure of dodging, 
the gradient of our log c vs —Dy curve (if constant) 
equals 1/100 of the percentage figure. 

By means of the log c vs —Dy curve, we can now 
proceed to present the tone reproduction process 
in a manner similar to that in Jones’s diagram. 
Some modification of his arrangement is required, 
however (Fig. 4). The graphs of Dy vs log c, paper, 
and tone reproduction are shown separately. The 
tone reproduction diagram is shown at the upper 
left with the densities of the negative (our original 
data) on the abscissa. The negative densities 
can be obtained, of course, from a graph relating 
the log scene brightness to the D-log E curve of the 
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Fig. 4. Schematic presentation of the tone reproduction process with 
and without dodging. 
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Fig. 5. Aid for finding the log E,,.,,.. scale, compressed by dodging. 


negative material, as in Jones’s original diagram. 
The present paper, however, is concerned with the 
printing process and therefore the applicable quad- 
rant of Jones’s diagram is omitted. The term 
“tone reproduction”’ is retained for the relationship 
of print density vs negative density. The paper 
curve is at right. We have seen before that log 
Ep = log Ay) + loge — Dy. AlogA scale is shown 
underneath the log Ep scale in the “paper” diagram. 
The numerical values of the points on this scale 
are, of course, the same as those of the points above 
them on the log E, scale. Both are given in meter- 
candle seconds. They are shown separately because 
the lower scale gives the amount of light impinging 
on the back of the negative, whereas the upper scale 
gives the exposure actually effective on the paper. 

Log A, is chosen so that log E>, for the highest 
Dy, without dodging (log c = 0) falls near the toe 
of the paper curve. For a particular point of 
the negative, e.g., M in the upper left diagram, its 
density, Dy, issubtracted from log Ay. In the case of 
dodging, the value of log c applicable for this value 
of Dy, is added to it. Since log c has a negative 
sign, it moves the log E>, point for M farther to the 
left. 

This transfer can conveniently be performed 
by means of a slide rule arrangement (Fig. 5), 
the scales for log E,» and log A being fixed, and Dy, 
as well as log c being on the slide between them. 
The Dy scale extends to the right (positive side) 
from zero; log c extends to the left (negative side). 
After setting Dy, opposite log A», the value of log 
E>, is found opposite the log c point applicable for 
this particular D,y, as found in the dodging curve. 

In Fig. 4, the procedure has been carried through 
for five points (K..... P). The transfer to log E, 
is shown for the case of no dodging, and for two 
different log c vs Dy characteristics: one a straight 
line of constant gradient = 0.22 (a), and a curve 
with varying slope and very high amount of dodging 
(8). To avoid confusing the picture, the transferred 
points are not shown on the log E>, axis proper 
but on separate lines underneath. It is seen that 
without dodging point K would be overexposed and 
fall in the shoulder region of the paper curve where 
its gradient is almost zero. With a straight dodg- 
ing curve, the compression of the scale is uniform; 
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Fig. 6. Schematic presentation of faulty tone reproduction by local 
contrast contrel. 


points K...N are still equal distances apart. 
With a dodging curve of form (8) the compression is 
not uniform, as may be seen from the spacing of 
the points. The shadow areas are more compressed 
than the highlights and the medium tones. The 
purist may find this unacceptable, but for photo- 
interpretation purposes no objection will be raised. 

The final tone reproduction curve is found as indi- 
cated by the broken line from point M to the paper 
curve and over to the upper left ccordinate system 
where it intersects the corresponding line from M. 
The curve for ‘“‘no dodging” is, of course, merely a 
mirror image of the paper curve. The curve 
can depict the tone reproduction only for the kind 
of detail which is affected by the dodging process 
under consideration. In the case of quenching- 
type dodging, it is a good representation of large as 
well as small-area tone rendition. In the case of 
feedback scanning, the curve is applicable only to 
areas larger than the effective scanning spot. 

The successful realization of the principle of 
automatic dodging, i.e. of automatic exposure scale 
compression by feedback-scan printing, almost 
inevitably leads to the question whether automatic 
local detail contrast control can be combined with it. 
Since this question is by no means an academic one, * 
a few comments on this problem seem to be appropri- 
ate. Weare not concerned with the feasibility of such 
a process. Electronics people seem to feel that it 
can be done. What will be discussed briefly is 
one very undesirable result of small-area contrast 
control. 

Negatives can undoubtedly be found where this 
process would improve the information content 
of the print. But let us also consider the following 
effect. In Fig. 6, three curves are shown, obtained 
by exposing Varigam Hi-Speed paper behind a step 
wedge, using Varigam filters No. 3, 5, and 9 respec- 
tively. The exposures were selected so that the 
toe regions would coincide. Any other common 
point could be selected without changing the argu- 


3. U.S. Patent 2,880,662, Apr. 7, 1959. 


P 
PAPER 
5/_3 
3 
} fod 
A, nes 
a 
3 
= 


PS&E, Vol. 4, 1960 


ment. These three curves would be in effect if we 
had a printer with local contrast control, using this 
material. 

Next to the curves, a schematic negative is shown 
containing, among other details not shown, three 
areas, each of which consists of two partial areas 
in juxtaposition: af», The density of 
areas ‘“‘a’”’ is the same in all three instances, and 
higher than 82, or 8;. Furthermore, 8, has higher 
density than #., and £, is darker than §;. We have, 
then, three areas in the negative, representing three 
different contrast samples. These local contrasts 
may be of such values that the sensing element 
(whatever this may be) will call for Paper Curve 9 
at af, for Curve 5 in the case of af, and for Curve 
3 when af; is printed. The densities of the negative 
areas are indicated on the Dy axis of the paper 
curves, and it is easily seen what will happen when 
the three sample areas are printed with local con- 
trast control: areas “‘a,’’ which have the same den- 
sity on the negative, will have different densities on 
the print. Areas and §; will print with their 
densities reversed from the order they should be in. 
There may be negative configurations where such a 
distortion of the tone rendition is acceptable, but 
it also can be very harmful. 
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There is another consideration which would 
cause a printer with local contrast control to be- 
come very complicated: Let it be assumed that the 
total significant density range of the negative ex- 
tends to the point on the diagram marked ‘‘x.’’ 
If a density of this value is in an area calling for 
Curve 3, the print will be satisfactory without dodg- 
ing. If Curve 9 is called for, ‘‘x’’ will not be dis- 
tinguishable from adjacent areas of somewhat lower 
density because the useful part of Curve 9 does not 
go this far. Dodging would be required to makea 
negative of this density range printable on Curve 9. 
In addition to the local contrast control, automati- 
cally variable dodging may have to be provided. 
In other words, the dodging as we have it now with 
a fixed or manually selected relationship of log c 
and D, would not be sufficient. A device would 
also be required which would automatically change 
the amount of dodging according to the contrast 
grade effective at any one instant. 
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Safety Factors in Camera Exposures 


C. N. NELSON, Research Laboratories, Eastman Kodak Company, Rochester, N.Y. 


Many photographers give less camera exposure for black-and-white films than is indicated 
by exposure meters used with the American Standard exposure index of the film. This prac- 
tice is successful because the “standard exposure” contains a substantial safety factor and the 
reduced exposure gives negatives that are better for enlarging. The magnitude of the safety 
factor has for many years been assumed to be 2.5, but the validity of this assumption has been 
questioned. The present study of the magnitude of this factor was undertaken in connection 
with the proposed reduction in the safety factor by means of a revision of the American Stand- 
ard for photographic speed and exposure index. This study, which included independent 
mathematical and experimental approaches, indicates that the safety factor is approximately 
2.4 for sunlit scenes when accurate meters, shutters, and lens apertures are used. Data are 
also presented showing the speed, exposure index, and camera-exposure latitude relationships 
between color reversal films and black-and-white negative films. A proposed change in the 
sensitometric speed criterion for the black-and-white films is discussed. 


During the past three or four years, much criticism 
has been aimed at the safety factor involved in the 
use of American Standard exposure indexes! with 
exposure meters calibrated in accordance with Ameri- 
can Standard procedures.?. A number of articles 
in photographic magazines have pointed out the 
penalties and disadvantages resulting from the use 
of too large a safety factor and have urged that a 
smaller safety factor be introduced by means of a 
revision in the American Standard for determining 
ASA exposure indexes for black-and-white negative 
films. The general spirit of these articles is illus- 
trated by the following title of one of them: “ASA 
Exposure Index: Dangerously Safe.’’* 

A safety factor exists in a camera exposure when- 
ever that exposure is greater than the minimum 
camera exposure that will produce a negative from 
which a print of excellent quality can be made. 
The ratio of the actual camera exposure to this 
minimum camera exposure is, by definition, 
the safety factor. 

If a large safety factor is used, the negatives 
obtained will, on the average, be much denser than 
is required for making a high-quality print. A 
small safety factor means thinner negatives. The 
main advantages of negatives resulting from the 
use of a small safety factor are: 


Communication No. 2061 from the Kodak Research Laboratories. An 
abridged version of this paper was presented at the National Conference, 
Chicago, 28 October 1959. Received 9 November 1959. 


1. American Standard for Determining Photographic Speed and Ex- 
posure Index, PH2.5-1954, American Standards Association, 70 
E. 45 St., New York 17, N.Y. 

2. American Standard for Photographic Exposure Meters, Photoelectric 
Type, PH2.12-1957, American Standards Association, 70 E. 45 St., 
New York 17, N.Y. 

3. Lloyd E. Varden, PMI (Photo Methods for Industry), 1: 39 (May 

1958). 


Easier focusing of enlargers 
Shorter printing times 

Less graininess in enlargements 
Sharper pictures 

a. Greater depth of field 

b. Reduced subject-motion blur 
ec. Reduced camera-motion blur 


Another advantage, found with the use of some films 
(especially if they have been overdeveloped), is 
that the shape of the part of the density-vs.-log 
exposure curve which is used for the thinner nega- 
tives is better than the shape of the part of the 
curve used for the heavily exposed negatives. 

Because of these advantages, many photographers 
are convinced that the best camera exposure is one 
which is only slightly greater than the minimum 
camera exposure required for a print of high quality. 

The main disadvantage of a small safety factor is 
that occasionally an underexposed negative will 
be obtained as a result of an error in camera ex- 
posure. The original purpose of the safety factor 
was to absorb such errors. Present-day experience 
with color reversal films, for which a large safety 
factor cannot be used, shows, however, that the 
number of underexposed pictures resulting from the 
use of a small safety factor is remarkably small. 

If a large safety factor is undesirable at the present 
time, why was it thought to be necessary when the 
American Standards for film ratings and exposure 
meters were first adopted in the 1940’s? The first 
reason is that exposure meters, camera shutters, 
and lens apertures were not as accurate in the 1940’s 
as they are in 1959. The second reason is that the 
camera-exposure latitude of black-and-white films 
was effectively greater in those earlier years, largely 
because the increase in print graininess with increase 
in camera exposure was not as evident with the 
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large cameras, large negatives, and small degree of 
enlargement or contact printing then commonly 
used. The great increase in the number of small 
cameras in recent years and the increase in the 
degree of enlargement has made the graininess 
problem more acute. 

Many photographers have adopted the practice 
of giving less exposure than is indicated by the use of 
ASA exposure indexes with exposure meters. The 
American Standard indexes for black-and-white 
films are used by them only as a starting point for 
deriving a new kind of exposure index which is 
obtained by the simple procedure of doubling the 
Standard exposure index. This practice, of course, 
has the effect of cutting the safety factor in half. 
giving the preferred thinner negatives. 

In recognition of this practice, a new Subcom- 
mittee, PH2-18, of the American Standards Asso- 
ciation was formed a little more than a year ago 
for the purpose of revising the American Standard 
for Determining Photographic Speed and Exposure 
Index. Under the chairmanship of J. L. Tupper, 
this Subcommittee has prepared a draft of a new 
Standard which will very likely be officially approved 
soon by the ASA Sectional Committee PH2 on 
Photographic Sensitometry (M. G. Anderson, Chair- 
man), the Photographic Standards Board, and the 
officials of the American Standards Association. 
In this proposed Standard, the level of the numbers 
used for rating black-and-white films is approxi- 
mately doubled. Such a change would have the 
effect of reducing the safety factor to one half its 
present value. 

There are no plans for reducing the safety factor 
by means of a change in the calibration formula 
for exposure meters because there are too many 
meters in existence with the present calibration 
and because the meters are also used for color film 
for which no change in exposure level or film rating 
is required or desired. 

The present magnitude of the safety factor is 
usually assumed to be somewhere between 2 and 4. 
The most common estimate is 2.5. A few writers 
have stated that it is 4. It is a remarkable fact 
that the exact size of the safety factor has not been 
definitely known. It is not mentioned in either the 
Standard on exposure indexes or the Standard on 
calibration of exposure meters. The published 
papers*:» of Jones and Condit on the computation 
of camera exposures give considerable information 
on the problem of determining how large the safety 
factor should be to absorb errors in equipment, 
variations in camera flare, and variations in scene- 
luminance range, but they do not deal directly 
with the question of what the size of the safety 
factor actually is. 

The purpose of the present paper is to present 
new evidence on the magnitude of the safety factor 
in the photography of average sunlit scenes. Two 
independent approaches were used, one theoretical 
and the other experimental. 


4. L.A. Jones and H. R. Condit, J. Opt. Soc. Am., 31: 651 (1941). 
5. Ibid., 38: 123 (1948); 39: 94 (1949). 
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Log camera exposure 
Fig. 1. Print quality vs. log camera exposure for a high-speed nega- 
tive film. Solid line — contact prints; dashed line 10-diameter en- 
largements; dotted line — 10-diameter enlargements from negatives 
given extended development. 


This study was undertaken by the writer as a 
member of the ASA Subcommittee on film speed 
and exposure index, and as a member of the ASA 
Subcommittee on exposure meters. 


Effect of Graininess on the Optimum Safety 
Factor 


A preliminary experiment was carried out, the 
results of which are worth reviewing at this point 
because they illustrate the effect which the change 
from contact printing to enlarging has in reducing 
the camera-exposure latitude of a typical high-speed 
negative black-and-white film. The results also 
illustrate the reduction in camera-exposure latitude 
caused by over-development of negatives. 

The results are summarized in Fig. 1. The solid 
curve shows that the quality* of the contact prints 
increases rapidly at first as the camera exposure 
increases and then reaches a plateau, where it re- 
mains constant over a long range of camera ex- 
posures. Eventually, the quality decreases. The 
range of camera exposures over which the print 
quality remains nearly equal to the maximum quality 
is defined as the camera-exposure latitude. Each 
of the intervals marked along the camera-exposure 
axis is one camera stop. In the case of the solid 
curve, where the contact prints were made from 
4- x 5-in. negatives of a studio portrait scene, 
using the optimum grade of paper for printing each 
negative, the camera-exposure latitude was 32 times, 
or five camera stops. The camera exposure marked 
a corresponds to a safety factor of 1. The camera 
exposures marked 6 and c correspond to safety 
factors of 2.5 and 4, respectively. There was, 
obviously, no loss in print quality at either of these 


* The method of determining the quality of each print is described in 
paragraph 6 of the section of this paper on Experimental Determination 
of the Safety Factor (page 52). 
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two levels of exposure when the prints were made 
by contact. 

In the next part of the test, represented by the 
dashed line in Fig. 1, the same film, subject, and 
lens were used as before but the size of the negatives 
was much smaller as a result of increasing the 
camera-to-subject distance until the size was 
typical of the negatives obtained in a 35mm camera. 
These negatives were enlarged 10 diameters, using 
the optimum grades of paper, and the enlargements 
were judged for quality. As shown by the dashed 
curve, the heavily exposed negatives gave enlarge- 
ments of lower quality. This loss in quality was 
due to a very noticeable increase in graininess with 
increase in negative exposure. At the exposure 
corresponding to a safety factor of 2.5, the quality 
was slightly below the maximum quality. The 
camera-exposure latitude was about 3 times, or 
approximately one and two-thirds camera stops. 

Although this test was not designed to provide an 
accurate evaluation of the safety factor, it is of 
interest that the exposure meter that was used 
indicated a camera exposure corresponding to a 
safety factor of 2.5. 

The dotted curve of Fig. 1 shows what happens 
when the negatives are developed for twice the 
recommended development time and are enlarged 
10 diameters. The quality of the prints obtained 
from the heavily exposed negatives was poor because 
the graininess was excessive and because the print 
contrast and tone-reproduction characteristics were 
inferior as a result of a change in the shape of the 
D-log E curve of the negative material when the 
development was extended too far beyond the nor- 
mal time. The camera-exposure latitude was about 
2 times, and the print quality corresponding to the 
use of a safety factor of 2.5 was well below the 
maximum quality. 

These results emphasize the importance of using 
a small safety factor when a high degree of enlarge- 
ment is used, and especially when the negatives are 
given more than the recommended development 
time. A number of similar tests, made in these 
Laboratories over a period of years, confirm these 
conclusions. Some of these tests have been re- 
ported by Peed.* 


Calculation of the Safety Factor 


An estimate of the size of the safety factor can be 
obtained by means of calculations based on the 
following three formulas: 


1. The camera image illumination formula,° 


_ 10.76 B (u — T H 


I 4 u? f? 


(la) 


I = image illuminance on the film in meter 
candles 

object luminance in candles per square foot 
relative aperture or f-value of the lens 
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6. Allie C. Peed, Jr., U.S. Camera, 21: 54 (Aug. 1958). 
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focal length of lens 

lens transmittance 

distance from lens to object 
vignetting factor for the lens barrel 
angle of image point off axis of lens 


This equation may be simplified to 
I =6.5B/f? (1b) 


if the assumptions are made that the distance from 
the lens to the object is forty times the focal length 
of the lens, the lens transmittance is 0.90, the 
vignetting factor is 1.0, and the object is 13 deg off 
the camera-lens axis (cos‘? = 0.90). These assump- 
tions are believed to be approximately correct for 
an average camera used under average conditions 
of photography. 


2. The American Standard formula for calibra- 
tion of exposure meters,’ 


t = Kf?/BZ (2) 
where 
t = exposure time 
f = relative aperture or f-value of the lens 
B = object luminance in candles per square foot 
Z = American Standard exposure index for the 
film 
K =1.17 


3. The American Standard formula for the 
film exposure index,' 


Z=k/E, (3) 
where 


Z 
k 
Es 


American Standard exposure index 

1/4 

the exposure in meter-candle-seconds re- 
quired to obtain a_ specified minimum 
response on the film as determined by the 
fractional-gradient speed criterion (Ameri- 
can Standard Speed = 1/E;) 


iow 


It is assumed, in the use of these formulas to 
compute the safety factor, that a photograph is to 
be taken of an average sunlit scene and that the 
camera settings of f-value and exposure time are to 
be determined by a calibrated exposure meter 
which is used to measure the “‘average luminance” 
of the scene. It is also assumed that a spectrally 
nonselective gray object is placed in the scene, 
having a reflectance and an orientation such that 
its luminance is equal to the “average luminance’”’ 
of the scene. The exposure, E,, on the film in the 
camera in the image of the gray object is the prod- 
uct of the illuminance, J,, on the film and the expo- 
sure time. Thus, 


Eq = Int. (4) 


The expression for J, can be obtained from Formula 
(1b). Inserting this expression in Eq. (4) gives: 


E, = 6.5 B,t/f?. (5) 
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Density 


A 
E Log E,, (meter) 
Log E 


Fig. 2. The D-log E curve for a negative film, showing the location of 
the exposure, Ez, for the gray object measured by the exposure meter. 


The exposure time, ¢, in this equation is determined 
by the exposure meter and, therefore, the value of 
t from Formula (2) can be substituted for t in Eq. 
(5) to obtain E, in terms of the exposure-meter 
constant, K, and the exposure index, Z, as follows: 


E, = 6.5 K/Z. (6) 


A correction of this equation is required because 
the spectral quality of the light on the film in the 
camera is not the same as that of the light on the 
film in the sensitometer used in deriving the film 
exposure index. In the photography of the assumed 
outdoor scene, in which the gray object is illuminated 
by sunlight and skylight, the proportionate amount 
of ultraviolet and blue radiation in the total radia- 
tion on the film in the camera is greater than that 
in the radiation on the film in the sensitometer. 
The latter provides “simulated sunlight’? by means 
of a tungsten lamp and a blue filter. The sensito- 
metric radiation is less actinic. Its relative photo- 
graphic efficiency, as defined by Wolfe and Milli- 
gan,’ is 1.0, compared with 1.3 for natural daylight. 
This means that, for daylight photography, E, 
is 1.3 times greater than is indicated by Eq. (6). 
Two smaller corrections should also be made in 
Eq. (6). One of these is an increase in exposure of 
about 4%, due to the effect of camera flare light on 
the image of the gray object. The other is a de- 
crease in exposure of about 10%, due to the high 
blue sensitivity of most exposure meters and the 
consequent difference in the response of the meter 
to daylight compared with its response to the 
2700° K tungsten light source specified for use in 
calibrating the meter. The total correction factor 
to be applied to Eq. (6) is, therefore, 1.3(1.04)/1.1 
or 1.23. 

The corrected expression for EF, is then 


E, = 8 K/Z. (7) 


7. R.N. Wolfe and F. H. Milligan, J.Opt. Soc. Am., 43: 791 (1953). 
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Fig. 3. The predicted location, on the D-log E curve, of an average 
camera image of an average exterior scene when the camera exposure 
is based on the ASA exposure index and the exposure-meter reading of 
the average luminance of the scene. 


Inserting the American Standard formula (Formula 
(3)) for the exposure index in Eq. (7) gives 


E, = 8 K(E;k) (8) 
or E,/E; = 8 K/k (9) 


where K is the exposure-meter calibration constant 
and k is the constant in the formula for deriving the 
exposure index from the fractional-gradient speed 
of the film. 

If the American Standard values of K = 1.17 and 
k = 1/4 are substituted in Eq. (9), the ratio of E, 
to E, becomes 


where E, is the exposure on the film for the gray 
object representing the ‘“‘average luminance”’ of the 
scene and E, is the “minimum useful exposure” 
defined by the fractional-gradient speed criterion 
specified in American Standard PH2.5 —1954. 

The ratio, E,/E;, is important because it is an 
indication of the level of the exposures obtained by 
the use of the American Standard exposure index 
with a calibrated exposure meter (for the photo- 
graphic conditions assumed). The ratio, E,/Es, 
can be shown to be proportional to the safety factor. 

As illustrated in Fig. 2, the exposure, E,, asso- 
ciated with the “‘average luminance” of the scene 
lies at a certain interval, A, to the right of the speed 
point on the D-log E curve of the film. According 
to the preceding calculations, E, is 37 times greater 
than E;. This ratio corresponds to a logarithmic 
interval of 1.57, and therefore, A is 1.57. 

The safety factor may now be derived by making 
use of this interval and the scene-luminance measure- 
ments published by Jones and Condit.‘ They 
found that, for 126 outdoor scenes, most of which 
were sunlit, the maximum luminance was, on the 
average, 3.6 times greater than the ‘“‘average lumi- 
nance.” This result is used in Fig. 3 to locate the 
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maximum luminance of “highlight” point, 5, on 
the D-log E curve of the film. Since the exposure 
at 5 is 3.6 times greater than the exposure at a, 
the highlight point, 6, should be placed 0.55 logarith- 
mic units to the right of a. Jones and Condit also 
found that, in an average outdoor scene, the maxi- 
mum luminance was 160 times greater than the 
minimum luminance. In the corresponding camera 
image, however, the maximum image illuminance 
was only 64 times greater than the minimum image 
illuminance because of the compression of the range 
by camera-fiare light. They introduced the con- 
cept of the “‘flare factor’ to express the amount of 
compression of the image illumination range caused 
by flare light. The flare factor is defined as the 
ratio of the luminance range of the scene to the 
illuminance range of the camera image. The 
factor for present-day cameras used with an average 
scene is believed to be about 2.5. Eariier cameras 
with no antireflection coatings on the lenses were 
found to have, on the average, a flare factor of about 
4. For the present calculations, a flare factor of 
2.5 and a consequent image illuminance range of 
64 are adopted, since they are considered to be 
typical of an average camera used with an average 
scene. The logarithm of 64 is 1.8 and, therefore, 
the shadow point, c, in Fig. 3 should be placed 1.8 
to the left of the highlight point, 0d. 

The shadow point is, by this method, found to be 
0.32 in log E units to the right of the speed point, 
as illustrated in Fig. 3. This interval is nearly 
equal to the logarithm of the safety factor. For 
the production of a ‘“‘first-excellent’”’ print, the 
negative of an average scene should be exposed so 
that the deepest shadow in the camera image falls 
at a log E value lying near the speed point. As 
pointed out by Jones and Condit,’ however, the 
shadow point should coincide with the speed point 
only when the flare factor is 4. When the flare 
factor is 2.5, the deepest shadow can be placed about 
0.05 to the left of the speed point because a lower 
slope on the toe of the curve becomes usable when 
the shadow contrast in the camera image is increased 
by the reduction in camera flare. 

Consequently, the “‘first-excellent”’ point in Fig. 3 
is considered to lie 0.05 to the left of the speed point. 
The “‘first-excellent”’ point, therefore, lies 0.37 in log E 
units to the left of the shadow point, c, representing 
the exposure obtained from the use of the exposure 
meter and the ASA exposure index. This interval 
of 0.37 is the logarithm of the safety factor. These 
calculations, therefore, lead to the conclusion that 
the safety factor is 2.35. 


Experimental Determination of the Safety 
Factor 


In the experimental approach to the estimation of 
the safety factor, five outdoor sunlit scenes, each 
containing a person, were photographed on Kodak 
Panatomic-X Film with a series of six different camera 
exposures for each scene. The interval between 
successive exposures was a factor of 2. The 
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20 TO 00 
Log E 
Fig. 4. The D-log E curve for the film used in the experimental study of 


the safety factor. Dashed lines show the log E positions of the six 
camera negatives for Scene 1. 


camera settings were nominally ,}, at //16, 
at f/16, at f/11, at f/11, 3, at f/8, at 
f/5.6. A 35mm camera having an //2.8 coated 
lens was used for the first three scenes, and a 2}- by 
21-in. camera having an //3.5 coated lens was used 
for the last two scenes. The actual shutter times 
were measured in a separate test and the corrected 
times were used in the analysis of the data. 

Exposure-meter readings were made on each 
scene using the “reflected-light” (‘‘average bright- 
ness”) method. Three different exposure meters, 
each made by a different manufacturer, were em- 
ployed. The calibration constant of each meter 
was measured in a preliminary test so that the meter 
readings made on the scenes (expressed in terms of 
f and t) could be adjusted to those that would have 
been obtained if the meter calibration constant had 
been exactly 1.17, as specified by the American 
Standard for exposure meters. 

The negatives were developed for 8 min at 68°F 
in Kodak D-76 Developer with intermittent agi- 
tation of the solution, and were fixed, washed, 
and dried. In the same process were included 
sensitometric samples of the same film exposed for 
sig sec on an intensity-scale sensitometer. A tung- 
sten lamp and a blue filter in the sensitometer pro- 
vided the simulated sunlight specified by the Ameri- 
can Standard on photographic speed and exposure 
index. 

The maximum, minimum, and face densities were 
measured in each of the negatives with a diffuse 
densitometer having a measuring aperture 0.25 
mm in diameter. Figure 4 shows the log exposure 
position of each negative on the density-vs.-log 
exposure curve of the negative material for one of the 
scenes. 

The negatives were printed on Kodak Medalist 
F Paper using the best grade of paper and the best 
printing exposure for each negative. The printer 
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was a semispecular projection printer and the degree 
of enlargement was 5 diameters. 

The prints were judged by ten observers who 
expressed their estimation of the quality of each 
print by means of the terms: Excellent, Good, 
Fair, Poor, and Very Poor. The observers were 
provided with a chart on which to record their 
judgments. On the chart, the quality terms were 
shown equally spaced along a scale on which each 
observer placed a mark for each print. Thus he 
could rate the print at one of the five quality levels 
or at any intermediate level. These judgments 
took into account not only the tone-reproduction 
characteristics of the print but also the other factors 
that affect quality, such as graininess, sharpness, 
depth of field, and camera motion. The judgments 
of the observers were averaged to obtain the final 
ratings. ‘The details of this method of judging have 
been described by Sorem.* 

Figure 5 shows the print-quality ratings plotted 
against the camera exposures, these exposures 
being expressed on a logarithmic scale. As should 
be expected, the print quality rises at first, reaches 
a plateau, and eventually declines as the camera 
exposure is increased. The camera exposure re- 
quired to obtain the “‘first-excellent print’? was 
obtained by taking the first point on the curve at 
which the quality reached a value of 95 percent of 
the maximum quality. To the right of the “‘first- 
excellent”? point is a point marked ‘“‘meter’’ which 
shows the camera exposure prescribed by the 
exposure meter. The ratio of the camera exposure 
indicated by the meter to the camera exposure re- 
quired for the first-excellent prints is the safety 
factor. For Scene 1, for example, this ratio is 
2.10, 

The results for all five scenes are: 


Scene Safety Factor 


Average 41 
(Standard deviation = 0.2) 


This average safety factor of 2.4 is in close agree- 
ment with the value of 2.35 obtained by the calcu- 
lations described earlier. It also agrees very well 
with the value of 2.5 which has generally been 
assumed to be the magnitude of the safety factor. 

It should be remembered that these results apply 
when the camera settings of aperture and time are 
accurate and the exposure-meter calibration is 
precisely that specified in the American Standard for 
exposure meters. In practice, most between-the- 
lens shutters give exposure times that are greater 
than the marked values when small apertures are 
used. Camera shutters are generally calibrated at 
maximum lens aperture where the efficiency of 
the shutter is at its lowest value. When the lens 


8. A.L.Sorem,Jour.SM PTE, 62: 24 (1954). 
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Fig. 5. The print-quality vs. log-camera-exposure curves obtained by 
the experimental method. The number shown under each curve is the 
safety factor. 


opening is reduced, the efficiency of the shutter 
increases and the effective exposure time becomes 
longer. Furthermore, some exposure meters have 
calibration constants that lead to greater exposure. 
The net result is that the effective safety factor is 
in practice, often greater than 2.4. 


Negative Exposure Levels and Negative 
Densities 


Some additional information can be extracted 
from the experimental data that should be useful 
for reference. This information is given in Figs. 
6-9. 

Figure 6 shows the log E positions and densities 
of the five “‘first-excellent”” negatives with respect 
to the D-log E curve of the negative material. 
These positions and densities were, of course, 
derived by interpolation between the actual nega- 
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Fig. 6. The log E positions of the negatives that gave the “first-excel- 
lent” prints. 


tives obtained from the camera-exposure series 
and were based on the camera exposures required 
to produce the negatives which yielded the first- 
excellent prints. It is seen that the deepest shadow 
lies, on the average, about 0.04 below the fractional- 
gradient speed point. The log exposure interval 
between the maximum and minimum densities of 
the five negatives is, on the average, 1.85. This 
value should be compared with the ‘‘classical’’ 
value of 1.5 determined a number of years ago when 
lenses did not have an antireflection coating. The 
present results are believed to be typical of a camera 
with a coated lens and an average sunlit scene. 
Figure 7 shows the log E positions and densities 
for the five negatives having the camera exposures 
prescribed by the exposure meter used with the ASA 
exposure index. The safety factor, as shown, is 2.4. 
Figure 8 summarizes the results given in Fig. 7 
and, in addition, shows the average log EF positions 
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Fig. 8. The exposure levels, for various scene elements, associated 
with the safety factor of 2.4. 
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Fig.7. The log E positions of the negatives exposed as prescribed by a 
calibrated exposure meter used with the ASA exposure index of the film. 


” 


for the ‘‘average luminances,”’ the light tones of 
the faces, and the white objects. Again, these data 
apply to the camera exposures indicated by the 
calibrated exposure meters used with the ASA index. 
The face tones are seen to lie at an exposure which 
is 80 times greater than the exposure at the speed 
point. In terms of the logarithmic units shown 
near the bottom of the graph, the faces are recorded 
1.9 units and the white objects 2.35 units to the 
right of the speed point. Thus both the faces and 
the white objects are recorded a remarkably great 
interval above the speed point. The resulting 
densities are higher than those desired for convenient 
printing of negatives. 


Proposed Level of Exposure 


The results of this study support the conclusion 
reached by many photographers, manufacturers of 
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Fig. 9. The exposure levels, for various scene elements, associated 
with the proposed safety factor of 1.2. 
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photographic materials and equipment, and by 
the members of ASA committees concerned with 
this subject, that the safety factor should be re- 
duced by a factor of about 2. The effect that this 
proposed change will have on the densities in the 
negatives is illustrated in Fig. 9. The faces will 
be recorded at an exposure which is about 40 times, 
or 1.6 in log E units, above the exposure at the speed 
point. If the negative material is developed to a 
gamma of 0.7 and its curve has an average shape, 
the density of the faces will be about 0.93 above fog 
density, and the density of the white objects will 
be about 1.25 above fog density. The shadows 
will fall slightly above the speed point. This level 
of exposure, corresponding to a safety factor of 
slightly more than 1.2, appears to be suitable for 
most practical work. 

Although the conclusions given previously were 
drawn from data on the photography of typical 
sunlit scenes, a similar study made with portrait 
scenes seems to indicate that the proposed reduction 
in the safety factor will also be satisfactory for this 
type of photography. Certain types of scenes will 
undoubtedly be encountered in both interior and 
exterior photography in which the luminance dis- 
tribution is such that under-exposure will occur 
if the meter reading of average luminance is used 
with the proposed higher film ratings. It is believed 
that these unusual scenes can be described and 
*‘classified’’ so that they will be recognized by the 
photographer, who can then make a correction in 
the camera exposure. 


Relation between Black-and-White and 
Color Films 


Of special interest is the effect that the proposed 
change in the safety factor will have on the relation 
between black-and-white negative films and color 
reversal films. Since no change in the ratings of the 
color films is planned, the proposed increase of 
approximately two times in the ratings of black-and- 
white films means that the two types of films will 
be rated so that their true relative sensitivities or 
basic ‘“‘speeds”’ will be properly indicated. 

Exposure indexes, by incorporating a large safety 
factor for the one type of film and a small safety 
factor for the other, have the shortcoming of not 
revealing the fact that a color reversal film having 
an exposure index of 32, for example, is slower 
(in terms of the minimum camera exposure that will 
give a picture of excellent quality) than a_ black- 
and-white film having the same exposure index of 
32. Not all photographers have been aware that 
the black-and-white film rating can be increased to 
80 without an appreciable loss in picture quality, 
while the color reversal film rating can be increased 
only to 40, when the normal rating is 32 for both 
films. 

An experiment was carried out to demonstrate 
the actual speed relation between a black-and-white 
film and a color reversal film having the same expo- 
sure index. Kodak Ektachrome Film, which has an 
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Fig. 10. The density vs. log-exposure curves for Kodak Panatomic-X 
and Kodak Ektachrome Films used in the present study. 


exposure index of 32, was chosen for comparison 
with a sample of Kodak Panatomic-X Film which 
also had a measured exposure index of 32. The 
sensitometric D-log E curves for these two films 
are shown in Fig. 10. 

Photographs were made of three sunlit scenes 
with these two films, using an identical series of 
camera exposures for each film. Exposure-meter 
readings were made of the scenes by the reflected- 
light method. The final photographs, which were 
35mm transparencies in one case and 5- by 7-in. 
enlargements on Kodak Medalist Paper in the other 
case, were judged for quality. 

The picture-quality vs. log-camera exposure curves 
for this experiment are shown in Fig. 11. The camera 
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Fig. 11. The picture-quality vs. log-camera-exposure curve for the 
black-and-white film compared with the corresponding curve for the 
color reversal film having the same exposure index. FE represents 
“first excellent; LE, “last excellent." M represents the present ex- 
posure level; M’, the proposed exposure level for the black-and-white 
film. 
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exposure prescribed by the exposure meter is indi- 
cated on the graph by the letter “M.” This 
‘‘meter exposure’’ was found to lie at the peak of 
the quality curve for the color film, and near the 
center of the useful range of camera exposures for 
the black-and-white film. As the camera exposure 
was decreased from this point, the quality of the 
color pictures decreased rapidly, while the quality 
of the black-and-white pictures remained constant 
over a considerable exposure interval. The ‘‘first- 
excellent”’ black-and-white picture, marked 
on the graph, occurred at a camera exposure lying 
0.41 log E units (or slightly more than one and one- 
third camera stops) to the left of the point “‘M.” 
The ‘“‘first-excellent’’ color picture, on the other 
hand, occurred at a camera exposure lying only 
0.13 in log E units to the left of the point “‘M.” 
This result shows that the basic speed of this black- 
and-white film is approximately two times greater 
than the basic speed of the color film, whereas their 
exposure indexes are equal. 

The proposed reduction in the safety factor for 
the black-and-white films will eliminate this dis- 
crepancy, and will lead to film ratings that indicate 
the true speed relationships between films. 


Proposed Change in Speed Criterion 


The reduction in the safety factor could be ac- 
complished simply by changing the constant in the 
ASA formula for deriving the ASA exposure index 
from the ASA fractional-gradient speed of the film. 
The present formula, which gives a safety factor 
of about 2.4, is 


Fractional-Gradient Speed 


4 (11) 


Exposure Index = 


or Exposure Index = (12) 


1 
4E, 
where EF, is the exposure in meter-candle-seconds at 
the fractional-gradient speed point and 1/E, is 
the ASA fractional-gradient speed. If the constant 
of | were replaced by a constant of }, a new type of 
“exposure index’? would be obtained which would 
provide the proposed lower safety factor of about 
1.2. 

There are several reasons, however, for adopting 
not only a new constant but also a different speed 
criterion. The fractional-gradient criterion was 
originally chosen because it has the desirable feature 
of giving speeds that correlate closely with speeds 
obtained by practical picture tests.’~'' It has the 
objectionable feature, however, of being somewhat 
inconvenient and difficult to use. Consequently, 
a simpler and more convenient criterion, such 
as that based on a fixed density above fog density, 
is often desired. Fortunately, as shown by the 


9. L.A. Jones, J. Franklin Inst., 228: 297, 497 (1939). 
10. L.A. Jones and C. N. Nelson, J. Opt. Soc. Am., 30: 93 (1940). 
11. L.A. Jones and C. N. Nelson, J. Phot. Soc. Am., 7: 10, 12, 16, 54 
(1941). 
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recent data of Nelson and Simonds,'*:'* a good 
correlation exists between fractional-gradient speed 
and speeds based on a density of 0.1 above fog, 
provided the development conditions are controlled so 
so that a fixed “average gradient” is obtained. This 
average gradient is measured on the portion of the 
D-log E curve of the film lying between two expo- 
sures, E and 20 E, where E is the exposure at a 
density of 0.1 above fog. The specification of a 
fixed average gradient in an American Standard 
would be justified by the fact that such a specifica- 
tion corresponds to the common photographic 
practice of developing negatives so that they print 
satisfactorily on a “‘normal” grade of photographic 
paper. Thus the adoption of the 0.1 fixed-density 
speed criterion in combination with a_ suitable 
development specification would offer the advantages 
of convenience and practical significance. 

Another important advantage to be gained by 
adopting the fixed-density speed criterion as part 
of an American Standard is that this step would 
encourage eventual agreement on an international 
standard for photographic speed. The fixed-den- 
sity criterion'‘~*! has for many years been a pre- 
ferred criterion in a number of countries. The use 
of this criterion in the DIN system," for example, 
is particularly well known. 

The reported’~'' lack of correlation between frac- 
tional-gradient speeds and fixed-density speeds is 
now known! to be due mainly to lack of agreement 
on a suitable development specification. It was 
originally thought that the variation in the length 
of the toes of the D-log E curves of the negative 
materials would always prevent the realization of a 
high correlation between the speeds obtained by the 
two criteria. The more recent study,'*:'* however, 
reveals that good correlation exists even for materials 
differing greatly in toe length if the development is 
controlled so that a constant average gradient is 
maintained. Gamma, the slope of the straight-line 
portion of the D-log E curve, is not as satisfactory 
as the average gradient for specifying the develop- 
ment because gamma does not take into account the 
different toe lengths. The increasing use of a 
smaller safety factor in camera exposures means 
that the toe portion of the D-log E curve is being 
used more fully. The proposed average gradient, 
which involves part of the toe and part of the 
straight-line portion, is more significant than gamma 
as an indication of the “‘contrast’”’ of the camera 
negatives. 

Figures 12 and 13 show some of the data from the 
recent study’? of the relation between fractional- 


12. C.N. Nelson and J. L. Simonds, -/. Opt. Soc. Am., 46: 324 (1956). 

13. J.L.Simonds, Phot. Sci. & Eng., 2: 210 (1958). 

14. J. Eggert, Schweiz. Photo-Rundschau, pp. 193-200 (1948). 

15. R. Hiltpold, Z. wiss. Phot., 47: 189-246 (1952). 

16. H Frieser, Phot. Korr.,90: 127 (1954). 

17. W. Meidinger, Phot. Korr., 90: 127 (1954). 

18. German Standard DIN 451?, adopted 1934, revised 1957. 

19. M. Roulleau, Sci. et inds. phot., (2) 30: 277 (1959). 

20. L’Association Francaise de Normalisation (l’ AFNOR), Photographie 
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Fig. 12. D-log E curves showing the inverse relation between AD 
and AX. AX increases when AD decreases. 


gradient speeds and 0.1 fixed-density speeds. The 
interval, AX, in Fig. 12, is the log E interval between 
the fractional-gradient speed point and the fixed- 
density speed point on the D-log E curve of the 
film. If this interval were constant, the two types 
of speed would correlate perfectly. The value of 
AX is seen to be small when the average gradient is 
high and large when the average gradient is low. 
The density difference, AD, shown in Fig. 12 is 
simply another way of expressing this average 
gradient, since the log E interval is constant. The 
‘inverse’ relation between AX and average gradient 
(or AD), as illustrated in Fig. 12, suggests that 
AX should be plotted against average gradient 
or AD for a number of different films processed in 
different developers for several development times. 
This experiment was carried out with ten films of 
current manufacture, including films having different 
toe lengths (Fig. 13). It is seen that the logarith- 
mic difference, AX, between the fractional-gradient 
speed and the fixed-density speed varies from 0.10 
to 0.48 when AD is allowed to vary from 0.45 to 
1.5. When AD is held constant at any arbitrary 
value, however, AX becomes nearly constant. 
If AD is 0.80, for example, AX becomes approxi- 
mately 0.29. 

Thus when development is controlled so that 
AD remains constant, a good correlation exists 
between speeds based on a density of 0.1 above fog 
and fractional-gradient speeds. 

A new formula for speed can be derived which 
will make use of the 0.1 fixed-density speed criter- 
ion and will also provide the desired safety factor of 
approximately 1.2. If a specification is adopted 
requiring development to a AD of 0.80 or an average 
gradient of 0.62, for example, the log E difference 
(AX) between the two types of speed becomes 
0.29; and the exposure, E,, at a density of 0.1 
above fog becomes 1.9 times greater than the ex- 
posure, E,, at the fractional-gradient speed point. 
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Fig. 13. Data for a number of different films and various development 
conditions showing AX plotted against AD, where AX is the log E differ- 
ence between the exposure at a density of 0.1 above fog and the ex- 
posure at the fractional-gradient speed point. 


A revised form of Eq. (12), giving a new kind of 
film rating or speed that would provide a safety 
factor of 1.2, may be expressed as follows: 


Speed = 1/2E,. (13) 
Since E; = 1.9 E, for the assumed development 
condition, the equation may be rewritten as 

Speed =1.9/2E, (14) 
or Speed = 0.95/E,. (15) 


A change in the spectral quality of the light to be 
used in the sensitometer, from simulated sunlight 
to simulated daylight (sunlight plus skylight), is 
also contemplated which will have the effect of 
requiring a constant of slightly more than 0.8 
in place of 0.95 in Eq. (15) in order to keep the 
safety factor at 1.2. If this change in light quality 
is adopted, the formula for the new photographic 
speed will be 


Speed = 0.8/E, (16) 


where E, is the exposure in meter-candle-seconds 
required to obtain a density of 0.1 above fog when 
the development is such that the average gradient is 
0.62 and AD is 0.8. This formula will give speeds 
that, if used with accurate exposure meters and 
cameras, will provide a safety factor of slightly over 
1.2, since the constant in Formula (16) was rounded 
off to 0.8. 

The fractional-gradient speed criterion (and its 
approximate equivalent, the simpler AX speed 
criterion described in Ref. 12) will continue to be 
useful as a supplement to the fixed-density speed 
criterion when an evaluation is desired of the effec- 
tive picture-taking speeds of films that have been 
developed to average gradients higher or lower 
than the proposed standard average gradient. 
The fixed-density criterion tends to underrate films 
that are developed to a lower average gradient 
and to overrate films that are developed to a higher 
average gradient. A new constant in the formula for 
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AD 

aD 


fractional-gradient speed is desirable for this non- 
standard application in order to provide a safety fac- 
tor of about 1.2 and thus make the speeds comparable 
with the proposed fixed-density speeds. The frac- 
tional-gradient speeds (as distinct from exposure 
indexes) have heretofore had the disadvantage of 
being expressed by numbers that do not fit exposure 
meters. Although the fractional-gradient speeds 
were originally based on the “minimum camera 
exposure that would yield a negative capable of 
giving an excellent print,” they were arbitrarily 
expressed on a scale of numbers which, if used with 
a typical exposure meter, would have led to exposures 
that were consistently about two-thirds of a camera 
stop less than the minimum exposure required for 
an excellent print. To correct this situation, a 
change in the formula is suggested. The formula, 
S = 0.5/E,;, gives the desired adjustment of the 
speed scale when simulated sunlight is used in the 
sensitometer but, since the use of simulated daylight 
is proposed, the appropriate formula is: 


Fractional-Gradient Speed = 0.4/E, (17) 


where E, is the exposure in meter-candle-seconds 
at the 0.3 G fractional-gradient point! on the D-log 
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Resumes by S. Kikuchi and T. H. James 


Review of Recent Patents for Photographic Addition Agents: 
111 — Chemical Stabilizers 


KryosH1 MUROFUSHI, pp. 1-5 
U.S. patents of the period 1950-1957 are reviewed. 


The Effect of Stabilizers on the Formation of Silver Sul- 
fide by Labile Sulfur: 1—The Inhibiting Action of Tri- 
azaindolizine on the Formation of Silver Sulfide by 
Thioureo 


HaBu, pp. 


Birr (Z. wiss. Phot., 50:107, 124 (1955)) concluded that 
the stabilization of photographic emulsions by 5-methyl- 
7-hydroxy-2,3,4-triazaindolizine depends on the action of 
that agent in the gelatin phase rather than an action of 
the agent adsorbed by the silver halide. The present 
author investigated the effect of the triazaindolizine on 
the formation of silver sulfide. Preliminary experiments 
with the Vogel reaction, in which silver or silver sulfide is 
formed by reaction of silver ions with active components 
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E curve of the negative material. This formula 
provides a safety factor of slightly over 1.2, as does 
Formula (16) for the proposed Standard speed 
based on a density of 0.1 above fog. 


Acknowledgments 


Scott Grover and Rodger Grimes made the photo- 
graphs used in this study, and John Kelch assisted 
in the analysis of the data. J. L. Tupper, Chairman 
of ASA Subcommittee PH2-18 on Photographic 
Speed and Exposure Index, and M. G. Anderson, 
Chairman of ASA Sectional Committee PH2 on 
Photographic Sensitometry, encouraged the writer 
to prepare this communication. To these persons 
the writer wishes to express his high appreciation 
and thanks. 


Bibliography 


British Standard Method of Determining the Speed and Exposure Index of 
Photographic Negative Material, B.S. 1380, 1947. 

ISO (International Standardization Organization) Recommendation R6, 
Method of Determining Photographic Speed and Exposure Index, First 
Ed., Oct. 1955. 

G.S. Baranov and E. D. Katsenelenbogen, -/. Sci. Appl. Phot., USSR, 3: 
394-398 (1958). 


¢ Book and Journal Reviews 


of the gelatin, showed that the addition of 5 x 107% 
mole of the triazaindolizine per liter prevented the forma- 
tion of color in the test, whereas the control without the 
triazaindolizine was intensely colored. 

The following procedure was used in the main part of 
the investigation. Five-gram samples of silver bromide 
were placed in 100 cc Erlenmeyer flasks with thiourea 
and a phosphate buffer to give the desired pH; the mix- 
ture was then digested at 56.5°C. The reaction could be 
stopped at any time by the addition of glacial acetic acid 
to drop the pH below 3.5. The supernatant liquid was 
poured off through a filter, unreacted silver bromide was 
dissolved in acidic 1 M thiosulfate solution, the silver 
sulfide was dissolved by heating with concentrated nitric 
acid, and the resulting silver nitrate was determined by 
potentiometric titration with potassium bromide. The 
controls were run with digestion times of 10, 20, 40, and 
80 min. In the experiments with stabilizer, the tri- 
azaindolizine was added to the silver bromide — thiourea 
mixture at 10, 20, or 40 min after the start of the digestion 
and reaction was stopped at a later time, e.g. 80 min. 
When the thiourea:triazaindolizine ratio was 
mole/1:10~* mole/l, no silver sulfide was formed at pH 
8.04 after the addition of the stabilizer; formation of sil- 
ver sulfide was retarded at pH 7.61; the stabilizer had no 
effect at pH 7.10 and 6.61, and the formation of silver 
sulfide was accelerated at pH 5.85. When the ratio was 
10~*:10~2, the formation of silver sulfide was prevented 
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by the stabilizer at pH 8.15, retarded at pH 7.61 and 
7.10, not affected at pH 6.61, and accelerated at pH 
5.85. When the ratio was 10°°:10~2, the formation of 
silver sulfide was prevented by the stabilizer in the pH 
range 8.04-6.47, but accelerated slightly at pH 5.91. 


Fading of the Photographic Latent Image 


YOSHITADA ToOMoODA, pp. 12-17 Cr. FS & Fi, 


122 (1959) 


The dependence of latent-image fading on the type of 
exposure used to form the latent image was investigated 
for several photographic materials. The exposed mate- 
rials were stored at 30°C in atmospheres at 54, 63, and 
75% RH for various times, then developed. The per- 
centage fading was expressed as 100(D, — D)/D,, where 
D, is the density obtained by development immediately 
after exposure. Results for various materials and con- 
ditions are given in graphical form, with percentage 
fading plotted against the time of keeping, and in tabu- 
lar form in which D/D, values are given for various times 
of keeping and various values of the initial density D,. 

The rate of fading of latent image formed in an x-ray 
emulsion, N-3, by exposure to Cobalt-60 gamma radia- 
tion followed the equation —log(D/D,) = C’vV/t, where 
C’ is a constant and ¢ is the time in days. The value of 
C’ increased with increasing RH. Latent-image fading 
in cine-positive film, whether formed by exposure to 
light, x-rays, or gamma-rays, also followed the equation 
for RH 54 and 63°,, but at 75% the fading occurred more 
rapidly than estimated by the equation. The values of 
C’ generally increased with decreasing D,, although C’ 
in some cases reached a maximum at intermediate D, 
values. C’ generally increased with increasing RH. 
Similar results were obtained with Gaslight paper emul- 
sion. At the same humidity, the latent image formed by 
gamma radiation fades the fastest, that formed by x- 
radiation next, and that formed by light fades the slowest. 


Rapid Processing of Positive Films 
TAKUSHIRO TAKAGI, pp. 18-25 


Rapid development of positive film for television use is 
achieved in a high-pH Metol-hydroquinone developer 
(10 sec at 30°C). Graphs are reproduced showing the 
dependence of the time of fixing at 40° and 50°C on (1) 
the hypo concentration of a simple fixing bath, (2) the 
ammonium chloride concentration for several hypo con- 
centrations when both agents are used in the fixing bath, 
and (3) the hypo and ammonium thiosulfate concentra- 
tions when both agents are used in the fixing’ bath. 
Curves also are given showing the dependence of the time 
of fixation in an ammonium thiosulfate solution on the 
concentration at 20°, 30°, 40°, and 50°C, the dependence 
of the time of fixation on temperature for several photo- 
graphic films, and the amounts of thiosulfate remaining in 
the film (for both ammonium and sodium thiosulfate 
fixation) after various times of washing at different tem- 
peratures. An ammonium thiosulfate fixing solution 
was chosen for rapid processing. An automatic de- 
veloping machine for positive film is described in which 
complete processing takes about 60 sec. 


Studies on the Automatic Color Printer, II 
HIDESABURO GENDA AND SOUICHI KUBO, pp. 26-32 
Résumé by C. J. Bartleson 


This article is the most recent of a continuing series of 
studies of color printing by the senior author. Earlier 
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articles include “Study of the Separation Exposure of 
Multilayer Film, Part I’? (Genda), J. Soc. Sci. Phot. 
Japan, 17:65 (1954); ‘Part II,” ibid., 18:30 (1955); 
“Studies on the Automatic Color Printer, I’? (Genda and 
Kubo), ibid., 21:20 (1958). In the first paper on the 
automatic printer (preceding ref.), a method of scanning 
negatives was proposed as a means of determining func- 
tions of individual area densities for use as criteria in 
determining printing exposures. The present article 
describes the use of a 100-element mask for determining 
individual densities. The authors found that density 
information thus derived could be best used to predict 
optimum printing exposures in the form 


Dit mes 
Log E; = 
Dy was ai(Di max Di sia) 
where Dian is the average density (not the negative 


logarithm of integrated transmittance), D,,;, is the mini- 
mum density, D,... is the maximum density, a is a coeffi- 
cient, and i is red, green, or blue. It is claimed that the 
use of this criterion in the determination of printing ex- 
posures leads to generally more optimum prints than 
methods utilizing only total or integrated measures of 
negative transmittance or density. 


Zhurnal Nauchnot i Prikladnoi Fotografii i 
Kinematografii 


Vol. 4, No. 4, July-August 1959 (in Russian) 
Résumés by S. C. Goddard 


A Study of the Process of Aging and Stabilization of 
Photographic Materials. II. The Dependence of Aging 
on Certain Emulsion and Extra-Emulsion Factors 


V. I. SHEBERSTOV, pp. 241-252. 


Part I (V. I. Sheberstov, Zhur. Nauch. i Priklad. 
rot. i Kinematog., 4: 100 (1959)) drew attention to 
anomalous aging of photographic materials, which is 
characterized by a fall in speed without any marked rise 
in fog, in contradistinction to normal aging which re- 
sembles continued digestion. Further work on the na- 
ture of anomalous aging is reported. It was not affected 
by the acidity of the support. The effect of increasing 
the silver ion concentration was to accelerate normal 
aging and to retard anomalous aging. Spectral sensi- 
tization increased the tendency of an emulsion to anom- 
alous aging. Humidity caused a loss in speed, but, 
provided that the materials were not stored for too long 
under humid conditions, drying restored the speed. In- 
creased moisture content accelerated anomalous aging. 
Small additions of copper ion accelerated the anomalous 
aging. 


Contribution to the Phenomenon of Photographic Reversal. 
Il. Photometry of the Latent Image and the Mechanism 
of Photographic Reversal 


E. A. GALASHIN, pp. 253-258 


The density of the latent image formed in a photo- 
graphic material was measured by means of a differential 
photometer in which two light beams, one passing 
through the emulsion layer and one through matte glass, 
fall on photoelectric cells connected in opposition. 
Differences of density of the order of 10~* units could be 
measured. A silver bromide lantern-slide emulsion was 
studied, and red light only (630-700 my) was used for the 
density measurements. 
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The optical density of the layer increased constantly 
during exposure to red light, the rate of increase being 
greater the greater the intensity of light. The rate of 
blackening increased sharply when the wavelength was ex- 
tended to about 540 mu. The developed densities of 
plates exposed to red and to orange light both showed a 
sharp increase in the first few minutes of irradiation, 
followed by a drop towards a constant level. 

When the emulsion was pre-exposed to blue light, the 
red light exposure first produced a drop in the density, 
with a subsequent rapid increase. Blue light mixed with 
the red exposing light reduced the induction period for 
photolysis, the density curves rising more rapidly as the 
quantity of blue was increased 

These results are considered to support the theory that 
the Herschel effect and solarization are brought about by 
a coagulation mechanism. 


The Scattering of Light in an Emulsion Layer and the Re- 
solving Power of a Photographic Material 


P. Ku. Pruss anp V. I. MAksINA, pp. 259-268 


A study has been made of the distribution of light flux 
in the emulsion layer of a photographic material. It was 
found that maximum intensities of the scattered light are 
reached at some depth in the emulsion layer. In layers 
with high silver halide concentrations, maximum inten- 
sity of scattered light is not large and is reached on 
passage through only a very small thickness of the laver. 
When the concentration of silver halide in the layer is 
reduced, the maximum intensity of the scattered light 
reaches greater values and occurs at a greater depth. 

The dependence of the resolving power on the concen- 
tration of silver halide in a layer and on its thickness was 
studied. It was found that the curve relating resolving 
power to the silver halide concentration in the emulsion 
passes through a minimum, the depth of which differs 
somewhat in layers of different thickness. On the other 
hand, the relation between the resolving power of emul- 
sion layers and their thickness is different for different 
concentrations of silver halide. 

The nature of the relation between the resolving power 
and concentration of silver halide agrees with the results 
from the study of the distribution of light flux in emulsion 
layers. (Translation of author’s abstract) 


The Problem of a Speed Criterion and the Gradient of the 
Characteristic Curve 


S. A. ANISIMOV, pp. 269-275 


A functional relationship between G; (the gradient cor- 
responding to the inertia point) and y has been estab- 
lished. This relationship is confirmed by statistical 
results. The relation answers to the requirement in 
principle that the minimum gradient should increase with 
increase in the contrast of the emulsion, and therefore, 
together with other considerations on the use of the in- 
ertia point as a speed criterion, allows it to be calculated 
more precisely than the criterion accepted at present. 
(Partial translation of author’s abstract) 


Studies in the Ability of Photographic Materials to Repro- 
duce Small Elements of an Optical Image. |. A Quan- 
titative Evaluation of the Photographic Reproduction of 
a Two-Dimensional Subject 

Yu. K. Viranskii AND Yu. N. GOROKHOVSKIi, pp. 
276-284 
A method is proposed for the quantitative evaluation 

of photographic materials to reproduce with geometrical 
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correctness fine two-dimensional detail. The correspond- 
ing quantity is named “discriminating power.” It. was 
found that in its basic features the rules for discriminating 
power — the influence of subject contrast, exposure, de- 
velopment time — are similar to the analagous rules for 
resolving power. 

The linear dimensions of detail at the limit of recog- 
nition are 2.5 — 3 times greater than the period of a linear 
grid at the limit of resolvability. The relation between 
the absolute values of the discriminating and resolving 
powers differs to some extent for different materials. 

The optimal density and exposure for discriminating 
power are somewhat higher than for resolving power, this 
being connected with the different optical tasks of recog- 
nition of shape and differentiation of lines in a regular grid. 
(Translation of author’s abstract) 


The Law of the Change of Rate of Color Development with 
Change in the Properties and Increase of Concentration 
of Non-Diffusing Color Couplers in a Photographic 
Material. |. The Relation Between the Coefficient of 
Contrast of a Color Image and the Log Concentration 
of the Non-Diffusing Coupler 


V. I. UsPENskIi AND I. I. Ropionova, pp. 285-288 


A number of considerations lead one to expect the co- 
efficient of contrast of the dye image produced by color 
development to be proportional to the logarithm of the 
concentration of the color coupler. To test this, a study 
has been made of the dependence of y on coupler con- 
centration for a high-speed color emulsion, without opti- 
cal sensitizers, containing different couplers de- 
rivatives of 1,2-hydroxynaphthoic acid, of pyrazol-5- 
one, and of acylacetic acids, forming respectively cyan, 
magenta, and yellow dyes. The linear relationship be- 
tween 7 and log concentration was confirmed for all the 
couplers studied over the concentration range used, viz. 
2 to 16 grams/liter of emulsion. 


Autoradiography of Smears of Peripheral Blood as a 
Method of Early Diagnosis of Internal Irradiation by 
Radioactive Substances 


A. A. DaniLin, Z. N. Kozyrina, E. A. SCHERBAN’, AND 
1. S. KHACHKUROZOVA, pp. 289-291, 1 plate 


A method for the autoradiography of blood smears is 
described in which liquid emulsion is coated over the fixed 
and dried smear on a microscope slide. 


A Photographic Method of the Early Diagnosis of Cancer 
of the Stomach 


V. A. Voros’Ev, pp. 292-295, 1 plate 


A rubber balloon having the shape of the human stom- 
ach is coated with a photographic emulsion which is then 
uniformly fogged by light so as to provide development 
centers. The patient’s stomach is washed out with an 
alkali-free Metol-hydroquinone developer (stated to be 
nontoxic), and the balloon is inserted and inflated. De- 
velopment of the emulsion occurs at points of contact 
with the developer-treated stomach wall, the necessary 
alkali being contained in the emulsion. The relief of the 
stomach wall is deduced from the blackening of the emul- 
sion surface. 


The Rational Choice of a System of High-Speed Cinema- 
tography 


FE. A. TARANTOV, pp. 296-297 
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In choosing a high-speed camera for a given purpose, 
account should be taken of its resolving power in the sub- 
ject field and its resolving power in time: these quantities 
are connected with the resolving power of the film, the 
optical system, and other factors, such as enlargement. 
Expressions connecting the camera parameters with the 
resolving power in the subject field are derived. 


Light-Scattering Transparencies 
E. A. BUKATIN (Letter to the Editors), pp. 298-299 


Heating of transparencies in projectors, particularly 
still projectors and microfilm readers, is due to absorp- 
tion of light by the dark image. It is suggested that the 
trouble can be overcome by forming light-scattering 
rather than light-absorbing images. A number of meth- 
ods of carrying out the suggestion are possible, including 
bleaching of a normal silver image, and the formation of a 
white pigment image or a vesicular image. Films with 
light-scattering images made in 1948 have shown better 
keeping properties than normal black-and-white films. 


The Limiting Sensitivity of Photographic Emulsions to lon- 
izing Particles 


K. S. Bocomo.ov (Letter to the Editors), pp. 299-300 


On the basis of the author’s fluctuation theory, track- 
densities were calculated for different threshold sensitivi- 
ties to ionizing particles. Calculations were made of the 
track-densities which would be obtained with extremely 
high sensitivities (e.g., 5-10 times that of Type R emul- 
sion). In the region studied, the sensitivity was governed 
by fluctuations in the energy of interaction of the particles 
with the N-electrons of bromine and silver, a factor which 
has hitherto been neglected. 


The Problem of the Relation Between the Electron Sensi- 
tivity of Nuclear Emulsions and the Dimensions of the 
AgBr Grains 


V. I. ZAKHAROV AND N. A. PERFILOV (Letter to the Edi- 
tors), pp. 300-301 


Earlier papers (Bogomolov et al., Zhur. Nauch. i 
Priklad. Fot. i Kinematog., 1: 2, 84 (1956)) showed that 
the sensitivity of an emulsion to electrons became in- 
dependent of grain size for mean grain diameters d > 
0.2u and energies < 50 kv. The work has been extended 
to study the effect of gold sensitization of a series of 
emulsions with different grain sizes (obtained by centri- 
fuging) on the sensitivity to 300 kv electrons. Emulsions 
centrifuged after sensitization show increase of sensitivity 
up tod = 0.10y, and a constant sensitivity for d > 0.1y. 
Emulsions sensitized after centrifuging show the initial 
rise in sensitivity as the grain size is increased, but the 
sensitivity falls again with d > 0.075y. 


Reciprocity Failure in the Photographic Action of 8 Radia- 
tion 

A. L. KARTUZHANSKIi AND B. P. So.titrskii (Letter to the 
Editors), pp. 301-303 


The experiments of Ray and Stevens (Brit. J. Radiol- 
ogy, 26: 362 (1953)) have been repeated on a larger 
scale with three photographic materials (an electrono- 
graphic plate, a slow lantern-slide plate, and the NIKFI 
R emulsion) and with P*? and C" as §-ray sources (in- 
stead of I'*!). The reciprocity failure for weak sources 
found by the original authors and their ascription of this 
effect to latent-image fading are confirmed. 
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A Classification of the Methods of High-Speed Photography 
A. A. SAKHAROV, pp. 304-311 


The classification proposed is based on five principles 
of recording, subdivided by the methods of exposure. 
Tables set out the classification of methods, the type of 
picture obtained by the methods, and individual methods 
arranged according to the classification. (73 references) 


Direct-Recording Paper and Its Properties 
Ya. Z. ZAiDENBERG, pp. 311-312 


A brief description is given of the Agfa direct-record- 
ing paper which gives a print-out image from a cathode- 
ray tube trace. Such a paper, used without processing, 
is unstable to further exposure to light. The utilization 
of the Clayden effect to make the paper more stable 
is discussed. Bromo-thiocyanate emulsions are _par- 
ticularly useful in this respect, and a direct-recording 
paper of this type has been prepared with a writing speed 
of 50 m/sec or more. The image remains satisfactory for 
more than 5-6 hours in diffuse daylight or tungsten light- 
ing, but cannot be exposed to direct sunlight. 


The International Standardization of a Method of Nu- 
merical Expression of the Speed of Black-and-White 
Negative Materials 


I. A. CHERNYi, pp. 313-316 


A description is given of the principles on which the 
national sensitometric standards, GOST 2817-50, DIN 
4512 (1957 revision), and ASA PH-2-5-1954 (= R-6) are 
based. The main points in the draft of a new interna- 
tional standard, presented by the U.S. delegation to the 
Harrogate conference, are set out, and the system is ex- 
plained. It is considered to be a good basis for compro- 
mise between the national groups. 


Scientific Discussion on the Sensitometry of Black-and- 
White and Color Photographic Materials 


Yu. N. GorokHovskii, pp. 317-319 


The papers presented at a discussion held by the Com- 
mission for Scientific Photography and Cinematography 
of the Academy of Sciences, USSR (12-23 April 1959), 
are abstracted. 


Brochures 
Résumés by Frank Smith 
Pont Photographic Films’’ 


A new edition of the 40-page booklet, ‘‘Du Pont 
Photographic Films,’’ has been issued by the Du Pont 
Photo Products Dept., Wilmington, Del. It contains 
sections on film selection, lighting, exposure, sensitom- 
etry, and technical data on Du Pont Cronar polyester 
photographic sheet films for portrait, industrial, com- 
mercial, and news applications. 


General Electric ‘‘Flashtube Data Manual”’ 


The ‘“‘Flashtube Data Manual” is a 70-page booklet 
published by the General Electric Co., Cleveland 12, 
Ohio, Dept. 282-LFM. It contains performance charts, 
maximum ratings, and typical circuit diagrams for all 
GE flashtubes. The design of a flashtube power supply 
is explained, and photographic, stroboscopic, and other 
uses of the light source are outlined. 
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e New Products and Developments 


FRANK SMITH 


@ Cameras and Accessories 
Panoramic Moon Camera 


Merton E. Davies of the Rand Corp., Santa Monica, 
Calif., in a talk before the International Astronomical 
Federation Congress held recently in London, England, 
described a new type of panoramic moon camera. 

Davies stated that, since the axial orientation of the 
lunar vehicle is maintained by spin stabilization, it is 
desirable to use a camera such as a panoramic camera 
that will not experience image smearing due to this 
motion. In fact, Davies stated, a panoramic camera 
would use the spin to perform its scanning. At the 
time of exposure, the film is moved past a slit at 
a rate which just compensates for the spin, so that the 
image of the ground on the film is not moving relative to 
the film. 


Quartz window 


~-Quartz window 


Lens 
Film drive rollers Slit 
Film drive 
motor 
Film 
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Retro-rocket 


Section A-A 


Although the information contained in this section is compiled from 
sources believed to be reliable, the author cannot assume responsibility 
for its accuracy. Publication of the information here is not to be con- 
strued as an endorsement or recommendation of the product or equip- 
ment described. 
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Since the lunar shadows will appear very dark in com- 
parison to normal aerial photographs of the earth, a 
film which has a large dynamic range would be needed 
for lunar photography. A film fast enough to permit the 
use of a high shutter speed (perhaps 5) 9 sec) could be 
used to help minimize the effect of any smear caused by 
misalignment of the spin axis or by errors in achieving 
the proper film velocity. It should be possible to realize 
a film resolution of 50 lines/mm provided a highly cor- 
rected lens is used in the camera. 


Baird-Atomic Model FM 2 Tracking System 


Baird-Atomic, Inc., Cambridge 38, Mass., has an- 
nounced an optical tracker intended for use with SCR 
584 radar or other servo mount. The system consists 
of the Model FM 2.1 Tracking Telescope, the Model 
FM 2.2 Lead Sulfide Tracking Insert, and the Model 
FM 2.3 Photomultiplier Insert. The telescope is pro- 
vided with a reflecting sun shield to minimize the effects 
of prolonged exposure to direct sunlight. The system 
can operate in ambient temperatures from — 20°F to 
120°F and higher. 


Zeiss Automatic Camera Microscope 


A camera microscope, the Zeiss Ultraphot II, for 
visual observation and photography of microscopic 


and macroscopic specimens, has been announced by 
Carl Zeiss, Inc., 485 Fifth Ave., New York. The in- 
strument combines microscope, camera, and _ illumi- 
nation apparatus, and uses 9- by 12-cm plates. It can 
also be used for taking low-power photographs. 
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Zoomar Trulex Automatic Exposure Control r 


An exposure control which fits between lens and camera | 
has been developed by Zoomar, Inc., Glen Cove, N.Y. | 
The instrument controls exposure by means of two} 
counter-rotating circular optical wedges. Behind these | 
wedges, a beam splitter reflects about 8% of the light to} 
a balanced double photocell circuit. The comparison! 
beam of this circuit is controlled by a computing device ! 
which is set for film speed and exposure ‘ 
time. The output is fed through a push- 
pull transistor amplifier to a two-phase 
motor which actuates the counter-rotating 
wedges. Exposure adjustment is com- 
pleted in less than 1 sec. 

Outside dimensions are 7 by 63 by 
23 in. and the weight is approxi- 
mately 7 lb. A source of 120-v 60- 
cycle a-c power is required. 
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Beckman and Whitley Cameras 


The Beckman and Whitley Dynafax Camera is a 
lightweight portable instrument providing high-speed 
motion-analysis photographs at an upper rate of 25,600 
16mm frames/sec on 35mm film. Features of the camera 
include a stable framing rate during the operating cycle 
which is continually indicated on a _ built-in meter; 
absence of synchronizing requirements; exposure times 
easily adjustable between 1 and 5 usec at the maximum 
rated framing speed; total writing time of 9 msec at 
25,600 frames/sec; and adaptability to the use of most 
16mm cine lenses in a “C’’ mount. The Dynafax Camera 
is 12 in. in diameter by 123 in. long over-all and weighs 
28 lb. (The Dynafax Camera is shown in schematic 
below.) 

The Model 333 Magnifax Camera (formerly the Kodak 
High-Speed Camera) is designed for making cine pictures 
at rates from approximately 1,000 to 3,200 frames/sec. 
The camera is driven by a universal electric motor which 
operates from 115 v alternating or direct current. A 
built-in event-synchronizing switch makes it possible 
to coordinate the subject with the camera electrically. 


“FOCUSING 
EYEPIECE 


Beau 35mm Automatic-Sequence Repeating Camera 


The Beau Camera Co., Div. of Camera Specialty Co., 
705 Bronx River Rd., Bronxville, N.Y., has announced 
a 35mm automatic-sequence repeating camera that 
makes 12 exposures on a winding as fast as the release 
button is pressed. Called the Beau Auto-Terra, the 
camera is equipped with an //1.9 lens, repeating motor, 
coupled rangefinder, luminous bright-line viewfinder, 
shutter with speeds of 1 to =}g sec and bulb, built-in 
MXF flash synchronization for flash bulbs and strobe, 
self timer, self-resetting exposure counter, LVS system, 
film-speed indicator, rewind lever, and body release. 

The camera is particularly suitable for industrial and 
scientific applications such as time-motion studies, engine 
testing and engineering, laboratory experiments, and 
aerial and law enforcement photography. 


Recordak Portable Microfilmer 


| The Recordak Portable Microfilmer, recently made 
available by Recordak Corp., 415 Madison Ave., New 
York 17, N.Y., weighs 24 lb and has a film capacity of 
100 ft. The machine will microfilm 2500 letters or 6000 
check-size documents. Two rolls of film may be exposed 
simultaneously, and audible and visible signals indicate 
film supply and proper machine operation. 

Documents 12 in. wide by any length may be photo- 
graphed and ejected into the receiving tray in their 
original sequence. Speed of operation, by hand, is 


Entrance f stop 
Exit f stop 

First relay lens 
Second relay lens 
Film 


Objective lens 
Mask 


Internal objective lens 


= 


Rotating mirror 


Film transport: Rotating drum 1044-in. diameter 
Speed, 6220 rpm, max 

Mirror speed: 1600 rps, max 

Frame size: 16mm on 35mm film, 224 frames total 

Shuttering speed: approximately 1 usec to 5 usec 
at maximum speed 

Framing rate: 25,000 frames/sec 
Frame separation, 39 sec apart at 
full speed 

Total writing time: 8.9 msec at maximum speed 
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approximately 46 letters or 96 checks per min. Ac- 
cessory items include a lightweight carrying case, 
document counter, and exposure control. 


Kenyon Stabilizer for Hand-Held Optical Equipment 


The Gyro-Stabilizer Corp., Essex, Conn., has avail- 
able a small lightweight device designed to remove the 
vibration from hand-held optical equipment such as 
cameras, binoculars, and sextants. Called the Ken- 
yon Stabilizer, the device consists of two gyroscopes 
spinning at approximately 21,000 rpm within a her- 
metically sealed aluminum housing. The gyroscopes 
provide a stabilization pattern designed to be most 
effective for hand-held use. 

The device is about the size of an elongated baseball, 
weighs 28 oz, and can be attached to any camera through 
its standard tripod mounting or to binoculars by a 
specially designed mounting clamp. It is powered by a 
small rechargeable nickel-cadmium power-pack, by a 
110-v 60-cycle converter, or by inverters for 6, 12, 24, 28, 
or 32 v on marine, airplane, or automobile installations 
that produce 115-v /400 cycles. 


e Optics 
Davidson Model D-278 Infrared Collimator Bench 


Davidson Optronics, Inc., 2223 Ramona Blvd., West 
Covina, Calif., has announced a bench designed to test 
lenses and assemblies in both the visible and infrared. 
The bench is a reflective-type collimator emitting a 15.5- 
in. diameter collimated beam with a maximum deviation 
from parallelism of 2 sec of arc over the entire field of 
view. The beam is projected parallel to the ways of a 
precision optical bench. It is equipped with a roller 
bearing carriage which spans two sets of rails that run 
the length of the welded steel bed. For precise position- 
ing, the carriage is traversed along the rails by means of a 
hand crank. A locking knob is provided to lock the 
carriage to the rails when proper positioning is obtained. 

A nodal slide, Stevens Rotary Compound Table No. 
14, is mounted on the large carriage to give longitudinal, 
traverse, and circular movements. By this means, large 
optical systems may be set precisely on their nodal points. 

The bench is also equipped with two small roller- 
bearing carriages, each riding on a set of rails with the 
ability to slide by each other without interference. 
These carriages may carry visual microscopes, IR 
microscopes, or dial indicators to study image quality 
of the system and to determine position from opposite 
sides of the assembly. 

A V-groove is provided on both sides of the bed for 
measuring rods used to measure distances of travel along 
the rails. 
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e@ Reproduction and Copying 


Peerless ‘Quick Silver’’ Photocopy Process 


A chemical stabilization photocopy process called 
“Quick Silver’? has been developed by Peerless Photo 
Products, Inc., Shoreham, L.I., N.Y. The original is 
exposed in contact with a sensitized sheet, which is 
then developed and stabilized in two solutions to pro- 
duce, in less than 30 sec, a right-reading negative. The 
negative can serve as a finished copy or can be used as a 
master copy to make one or more positive copies by re- 
peating the copying procedure. 

The printer-and-processor is capable of copying ma- 
terial up to 9 in. wide and of any length. 

The photosensitive material used in the process has 
a silver halide emulsion designed to be used under normal 
office light. 


e Miscellaneous 


Benson-Lehner Maps from Aerial Photographs 
by Automation 


An instrument called the Stereomat, which brings 
automation to the production of maps from aerial photo- 
graphs, will be manufactured by Benson-Lehner Corp., 
11930 W. Olympic Blvd., Los Angeles 64, Calif., under 
license from the Photographic Survey Corp. Ltd., 
Toronto, Canada. The instrument is basically an 
automatic scanning correlator which can be mounted 
on conventional, projection-type plotters in place of 
manually-operated stereomechanisms. A _ cathode-ray 
tube replaces the usual platen. Vertical movement of 
the tube and leveling adjustments for the projectors are 
controlled by servo motors. Correct contour lines are 
traced by means of a complex array of electronic, optical, 
and mechanical apparatus. 


Avco Catadioptric Light Screen 


A light screen sensitive to hypervelocity projectiles 
as small as .22 caliber that uses a catadioptric technique 
of reflection and refraction has been developed by Avco 
Research and Advanced Development Division, Wil- 
mington, Mass. 

The device sets up a screen of light consisting of a col- 
limated light beam which is reflected many times be- 
tween parallel mirrors before passing into a photoelec- 
tric detector. The effective width of the beam inter- 
rupted by a projectile is } in. in any part of a 6- by 
6-in. field. This gives a maximum phototube output 
signal over a wide range of projectile sizes. A current 
change is caused in the detector when a hypervelocity 
projectile breaks the light screen at any point. The 
current change is amplified and is used to trigger a 
shadowgraph system. 

Shadowgraph systems used on the Avco ballistic ranges 
produce photographic records of missile models in flight. 
The shadowgraph records are used to measure missile 
attitudes and aerodynamic flow. Velocity and drag can 
also be studied by measuring the time of flight between 
two light screens with standard chronometer techniques. 

Other hypervelocity instrumentation in the Avco 
shadowgraph system are a high-intensity light source 
and a Kerr cell photographic shutter. The system allows 
exposure times in the range of 10-8 and 10 ~ sec. 
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